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t r a n s p o r t a t i o n s y s t e m p l a n n i n g . T h i s p l a n n i n g e m p h a s i s r e s t s p r i m a r i l y 
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t i o n a n d h i g h w a y t r a n s p o r t a t i o n ; t h o u g h t h e e f f e c t s o f o t h e r m o d e s o f 
t r a n s p o r t a t i o n a r e a n a l y z e d a s a p a r t o f t h e u r b a n t r a n s p o r t a t i o n 
p l a n n i n g p r o c e s s . T h e c h a n g e i n u r b a n t r i p p a t t e r n s i s d u e p r i m a r i l y 
t o a n i n c r e a s i n g n u m b e r o f h i g h w a y t r i p s a n d a d e c l i n i n g n u m b e r o f m a s s 
t r a n s i t t r i p s ; t h i s i s t h e c a u s e f o r o u r i n c r e a s i n g m e t r o p o l i t a n t r a n s -
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r e a s o n s w h y a t r i p m a k e r w i l l c h o o s e h i s a u t o m o b i l e o v e r m a s s t r a n s i t , 
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w i t h o u t a g o o d e s t i m a t e o f t h e f u t u r e t r i p s b y m a s s t r a n s i t o r 
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p l a n n e r u s e s t o f o r e c a s t t h e t r a v e l d e s i r e s f o r m a s s t r a n s i t v e r s u s 
t h e a u t o m o b i l e i s s o m e f o r m o f t r a n s i t e s t i m a t i n g p r o c e d u r e , a p r o ­
c e d u r e f o r a l l o c a t i n g t r i p s b e t w e e n m a s s t r a n s p o r t a t i o n a n d h i g h w a y 
f a c i l i t i e s . 
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T h e e s t i m a t i o n o f f u t u r e m a s s t r a n s i t u s e i n a m e t r o p o l i t a n a r e a 
i s g e n e r a l l y d o n e w i t h i n t h e f r a m e w o r k o f a c o m p r e h e n s i v e , c o n t i n u i n g , 
a n d c o o p e r a t i v e t r a n s p o r t a t i o n p l a n n i n g p r o c e s s . T h i s p r o c e s s r e l a t e s 
u r b a n d e v e l o p m e n t t o t r a v e l p a t t e r n s a n d c o n s i d e r s t h e a d v a n t a g e s o f 
b o t h m a s s t r a n s p o r t a t i o n a n d h i g h w a y f a c i l i t i e s f o r p a r t i c u l a r t r i p s 
t o i n s u r e t h a t t h e f a c i l i t i e s a r e c o m p a r a b l e , n o t c o m p e t i t i v e ; i . e . , : 
1 . A h i g h w a y f a c i l i t y i s n o t p l a n n e d i n t h e s a m e c o r r i d o r a s 
a t r a n s i t f a c i l i t y t o s e r v e a p a r t i c u l a r t y p e o f t r i p , s u c h a s a w o r k 
t r i p t o t h e C B D , w h i c h c a n b e t t e r b e s e r v e d b y m a s s t r a n s p o r t a t i o n . 
H o w e v e r , t h e h i g h w a y f a c i l i t y i n t h e c o r r i d o r m i g h t s t i l l b e n e e d e d t o 
s e r v e o t h e r t r i p p u r p o s e s , b u t b e c a u s e t h e w o r k t r i p h a s b e e n s e r v e d 
b y t r a n s i t , a h i g h w a y f a c i l i t y o f l e s s c a p a c i t y w o u l d o n l y b e r e q u i r e d . 
2 . I n a r e a s w h e r e a m a s s t r a n s i t f a c i l i t y w o u l d b e r e q u i r e d , 
b u t a r a i l f a c i l i t y w o u l d s u p p l y m o r e c a p a c i t y t h a n i s n e c e s s a r y , a 
b u s - w a y f a c i l i t y w h i c h c o u l d l a t e r b e c o n v e r t e d t o r a i l a s t h e t r a v e l 
d e m a n d i n c r e a s e d m i g h t b e j u s t i f i e d . 
3 . W h e n e v e r a " f i x e d " m a s s t r a n s p o r t a t i o n f a c i l i t y , r a i l o r 
b u s - w a y , i s r e c o m m e n d e d , t h e h i g h w a y f a c i l i t i e s m u s t b e p l a n n e d t o 
i n s u r e a d e q u a t e g r o u n d a c c e s s t o t h e s t a t i o n s . 
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T h i s i n c l u s i v e t r a n s p o r t a t i o n p l a n n i n g p r o c e s s w i l l m i n i m i z e t h e 
c o s t o f p l a n n i n g t r a n s p o r t a t i o n f a c i l i t i e s a s t h e p o s s i b i l i t y o f d u p l i ­
c a t i o n o f e f f o r t i s r e d u c e d s i n c e p l a n n i n g f o r e i t h e r t y p e o f u r b a n 
t r a n s p o r t a t i o n f a c i l i t y r e q u i r e s t h e c o l l e c t i o n a n d a n a l y s i s o f t h e 
s a m e t y p e s o f d a t a r e l a t i n g t o u r b a n d e v e l o p m e n t a n d t r a v e l p a t t e r n s . 
I n s e v e r a l m e t r o p o l i t a n a r e a s , s u c h a s A t l a n t a , S a n F r a n c i s c o , a n d 
W a s h i n g t o n , D . C , w h e r e a n a d m i n i s t r a t i v e d e c i s i o n a s m a d e t o p l a n a 
m a s s t r a n s i t f a c i l i t y i n d e p e n d e n t o f h i g h w a y f a c i l i t i e s , t h e o u t c o m e o f 
s u c h s t u d i e s h a s b e e n e x p e n s i v e d u e t o t h e c o s t o f r e s t u d y t o r e c t i f y 
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t h e d i f f e r e n c e s b e t w e e n m a s s t r a n s p o r t a t i o n a n d h i g h w a y f a c i l i t i e s ; 
t h e d e c i s i o n t o p l a n h i g h w a y f a c i l i t i e s i n d e p e n d e n t o f m a s s t r a n s p o r ­
t a t i o n , a s i n L o s A n g e l e s , h a s b e e n e q u a l l y a s c o s t l y . ^ T h e r e f o r e , 
t h e n e e d f o r a t r a n s i t u s e e s t i m a t i n g p r o c e d u r e i s v a l i d w h e t h e r t h e 
s t u d y a r e a h a s o n l y a h a n d f u l o f p r i v a t e l y o p e r a t e d b u s e s o r a h i g h l y 
s o p h i s t i c a t e d a n d p u b l i c l y s u b s i d i z e d r a i l a n d b u s m a s s t r a n s p o r t a t i o n 
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n e t w o r k . 
T h e t r a n s i t u s e e s t i m a t i n g p r o c e d u r e i s d e v e l o p i n g f r o m a n 
a n a l y s i s o f t h e d a t a c o l l e c t e d d u r i n g t h e i n v e n t o r y p h a s e o f a t r a n s ­
p o r t a t i o n s t u d y . T h i s p r o c e d u r e , o r m o d e l , i s t h e n t e s t e d , o r c a l i ­
b r a t e d , i n o r d e r t h a t i t w i l l r e p r o d u c e , o r s i m u l a t e , w i t h i n a n 
a c c e p t a b l e e r r o r o f e s t i m a t i o n , t h e e x i s t i n g , o r b a s e y e a r , t r a n s i t 
u s e . T h e m o d e l i s t h e n u s e d t o e s t i m a t e f u t u r e t r a n s i t u s e u s i n g a s 
i n p u t s t h e f u t u r e f o r e c a s t s o f u r b a n a c t i v i t y . I n m a k i n g t h i s e s t i m a ­
t i o n o f f u t u r e t r a n s i t u s e , i t i s i m p l i c i t l y a s s u m e d t h a t t h e s a m e 
c o n d i t i o n s w h i c h i n f l u e n c e d t r a n s i t u s e d u r i n g t h e b a s e y e a r w i l l 
3 
i n f l u e n c e t r a n s i t u s e i n t h e f u t u r e y e a r . S o m e p l a n n e r s a r g u e t h a t 
t h i s p r o c e s s i s i n v a l i d b e c a u s e s u c h a n a s s u m p t i o n s h o u l d n o t b e m a d e 
a s a f u t u r e m a s s t r a n s i t f a c i l i t y w i l l e n t i r e l y c h a n g e t h e e x i s t i n g 
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t r a n s i t u s e p a t t e r n s . H o w e v e r , t h e p r o c e d u r e i s n o t s t a t i c a s f u t u r e 
u r b a n a c t i v i t y f o r e c a s t s a r e i n p u t s i n t o t h e m o d e l f o r e s t i m a t i n g 
f u t u r e t r a n s i t u s e ; t h e t r a n s p o r t a t i o n p l a n n e r c a n a l s o k e e p h i s m o d e l 
s e n s i t i v e t o c h a n g i n g t r a n s i t u s e p a t t e r n s b y : 
1 . M o n i t o r i n g t h e s h i f t i n t r a n s i t u s e p a t t e r n s a n d m o d i f y i n g 
h i s e s t i m a t i n g m o d e l a c c o r d i n g l y ; " ^ a n d / o r 
2 . A u g m e n t i n g h i s m o d e l b y u s i n g t r a n s i t u s e d a t a o b t a i n e d 
f r o m o t h e r m e t r o p o l i t a n a r e a s w h i c h h a v e e x p e r i e n c e i n u s i n g t h e 
m o r e a d v a n c e d f o r m s o f m a s s t r a n s p o r t a t i o n . 
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A m o d e l i s a r e p r e s e n t a t i o n o f a " r e a l l i f e " e v e n t ; a n d m a y 
r e p r e s e n t t h a t e v e n t i n a n y o f s e v e r a l w a y s ; t h e m o d e l t y p e s w h i c h h a v e 
b e e n u s e d i n t r a n s i t - u s e e s t i m a t i n g h a v e b e e n : 
1 . M a t h e m a t i c a l . T h i s i s t h e m e t h o d g e n e r a l l y u s e d i n 
d e v e l o p i n g m a s s t r a n s i t u s e e s t i m a t i n g p r o c e d u r e s f o r b o t h b a s e - y e a r 
c a l i b r a t i o n a n d f u t u r e - y e a r t r a n s i t u s e f o r e c a s t i n g . T h e s e m o d e l s h a v e 
g e n e r a l l y b e e n e x p r e s s e d a s a n e q u a t i o n , c u r v e , o r s u r f a c e r e l a t i n g 
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t r a n s i t u s e t o t h e m o s t s i g n i f i c a n t f a c t o r s i n f l u e n c i n g t r a n s i t u s e . 
2 . P h y s i c a l . T h i s m e t h o d i n v o l v e s t h e u s e o f a p h y s i c a l 
f e a t u r e t o r e p r e s e n t t h e m a g n i t u d e o f a n e v e n t , s u c h a s t h e u s e o f a 
s e r i e s o f d i f f e r e n t h e i g h t b l o c k s t o s h o w t h e n u m b e r o f t r a n s i t t r i p 
d e s t i n a t i o n s b y a n a l y s i s z o n e ; t h i s m o d e l w a s u s e d b y t h e C h i c a g o A r e a 
1 4 T r a n s p o r t a t i o n S t u d y s t a f f . 
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3 , E l e c t r o n i c . T h i s m e t h o d i s t h e u s e o f a n e l e c t r o n i c s i g n a l 
t o m a k e a t r a c e a c r o s s a c a t h o d e r a y t u b e r e p r e s e n t i n g a t r a n s i t t r i p ; 
t h i s m o d e l w a s a l s o u s e d b y t h e C A T S s t a f f a n d s i m i l a r t r a c e s w e r e u s e d 
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a s t h e c o v e r d e s i g n o n t h e i r t h r e e p u b l i s h e d r e p o r t s . 
T h e p r i m a r y r e q u i r e m e n t o n t h e r e l a t i o n s h i p s d e v e l o p e d f o r u s e 
i n t h e m a t h e m a t i c a l m o d e l , w h i c h i s u s e d i n a l l t r a n s i t u s e e s t i m a t i n g 
p r o c e d u r e s , i s t h a t t h e r e l a t i o n s h i p s d e v e l o p e d b e l o g i c a l , s t a b l e , 
i n d e p e n d e n t o f o t h e r f a c t o r s w h i c h i n f l u e n c e t r a n s i t u s e , e a s i l y f o r e ­
c a s t , a n d e a s i l y m o n i t o r e d a n d k e p t c u r r e n t . 
T h e d e v e l o p m e n t a n d u s e o f a m a s s t r a n s i t u s e e s t i m a t i n g p r o c e ­
d u r e h a s t h r e e b a s i c p h a s e s : 
1 . A n i n v e n t o r y o f e x i s t i n g t r a n s i t u s e a n d t h e f a c t o r s w h i c h 
a r e b e l i e v e d t o b e m o s t s i g n i f i c a n t l y r e l a t e d t o t r a n s i t u s e . 
2 . A n a n a l y s i s o f t h e i n v e n t o r y d a t a t o d e t e r m i n e w h i c h r e l a ­
t i o n s h i p s a r e m o s t s i g n i f i c a n t l y a n d l o g i c a l l y r e l a t e d t o t r a n s i t u s e ; 
t h e s i g n i f i c a n c e o f t h e s e r e l a t i o n s h i p s i s g e n e r a l l y d e t e r m i n e d b y 
v a r i o u s s t a t i s t i c a l m e t h o d s a n d t h e i r l o g i c a l r e l a t i o n s h i p i s l e f t t o 
t h e j u d g m e n t o f t h e t r a n s p o r t a t i o n p l a n n e r . T h e r e s u l t o f t h i s p h a s e 
i s t h e d e v e l o p m e n t o f a " c a l i b r a t e d " m a s s t r a n s i t u s e e s t i m a t i n g p r o ­
c e d u r e , o r a p r o c e d u r e w h i c h m o s t n e a r l y r e p r o d u c e s t h e t r a n s i t u s e 
o b s e r v e d b y t h e i n v e n t o r y d a t a . 
3 . F o r e c a s t i n g f u t u r e t r a n s i t u s e u s i n g t h e p r o c e d u r e d e v e l o p e d 
d u r i n g t h e a n a l y s i s p h a s e a n d t h e f o r e c a s t e d u r b a n a c t i v i t y i n p u t s . 
T h e t r a n s p o r t a t i o n p l a n n e r t h e n u s e s t h e f o r e c a s t e d t r a n s i t 
u s e t o d e t e r m i n e t h e l e v e l , t y p e , a n d c o n f i g u r a t i o n o f t h e f u t u r e m a s s 
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t r a n s p o r t a t i o n f a c i l i t y h e w i l l r e c o m m e n d t o t h e l o c a l p o l i c y m a k e r s 
w h i c h a r e r e s p o n s i b l e f o r t h e i m p l e m e n t a t i o n o f t h e f u t u r e t r a n s p o r ­
t a t i o n s y s t e m . 
I n v e n t o r y R e q u i r e m e n t s 
T h e u r b a n a c t i v i t y i n a m e t r o p o l i t a n a r e a i s d e f i n e d b y t h e 
p o p u l a t i o n , e c o n o m y , a n d l a n d u s e c h a r a c t e r i s t i c s b y t y p e a n d l o c a t i o n 
o f t h e a r e a ; a n d t h i s u r b a n a c t i v i t y d e f i n e s t h e t r a v e l p a t t e r n s o f 
t h a t a r e a . T o d e t e r m i n e t h e m a g n i t u d e o f t h e u r b a n a c t i v i t y a n d t h e 
t r a v e l p a t t e r n s , t h e t r a n s p o r t a t i o n p l a n n e r r e l i e s u p n t h e s k i l l s o f 
m a n y p r o f e s s i o n s , s u c h a s d e m o g r a p h e r s , e c o n o m i s t s , c i t y p l a n n e r s , a n d 
t r a n s p o r t a t i o n e n g i n e e r s t o i n v e n t o r y t h e i r a r e a s o f i n t e r e s t . M o s t o f 
t h e i n v e n t o r y d a t a c a n b e o b t a i n e d b y t e c h n i c i a n s t r a i n e d a s t o t h e 
t y p e o f d a t a r e q u i r e d ; h o w e v e r , a s p e c i a l i s t i s n e e d e d t o s u p e r v i s e 
t h e d a t a c o l l e c t i o n i n h i s a r e a o f i n t e r e s t a n d t o m a k e t h e n e c e s s a r y 
q u a l i t y c o n t r o l c h e c k s t o i n s u r e t h a t t h e d a t a b e i n g c o l l e c t e d i s 
l o g i c a l . 
T h e a d d i t i o n a l e f f o r t r e q u i r e d t o i n c l u d e t h e d e v e l o p m e n t o f a 
t r a n s i t u s e e s t i m a t i n g p r o c e d u r e i n a h i g h w a y f a c i l i t i e s p l a n n i n g s t u d y 
i s m i n i m a l , a n d t h e r e w a r d s t o t h e m e t r o p o l i t a n a r e a a r e f a r g r e a t e r 
d u e t o t h i s b r o a d e n e d s t u d y w h i c h e v a l u a t e s a l l p h a s e s o f m e t r o p o l i t a n 
t r a n s p o r t a t i o n . W h e n s u c h a p r o c e d u r e i s a p a r t o f a n u r b a n t r a n s p o r ­
t a t i o n s t u d y , t h e r e i s l i t t l e , i f a n y , a d d i t i o n a l i n v e n t o r y d a t a 
r e q u i r e d f o r t h e m o d e l d e v e l o p m e n t a s t h e s a m e t y p e o f d a t a i s r e q u i r e d 
f o r t h e d e v e l o p m e n t o f t h e o t h e r t r a v e l m o d e l s w h i c h w o u l d b e p a r t o f a 
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h i g h w a y f a c i l i t i e s p l a n n i n g s t u d y : ( l ) t r i p g e n e r a t i o n , ( 2 ) t r i p 
d i s t r i b u t i o n , a n d ( 3 ) t r i p a s s i g n m e n t . 
U r b a n A c t i v i t y 
W h i l e t h e t r a n s p o r t a t i o n p l a n n e r r e q u i r e s o n l y a s m a l l p o r t i o n 
o f t h e u r b a n a c t i v i t y i n d i c a t o r s , l a n d u s e c h a r a c t e r i s t i c s a n d s e l e c t e d 
p o p u l a t i o n c h a r a c t e r i s t i c s , t o d e v e l o p h i s t r a n s i t u s e e s t i m a t i n g p r o ­
c e d u r e ; a n i n v e n t o r y o f a l l t h e u r b a n a c t i v i t y i s r e q u i r e d t o i n s u r e 
t h a t t h e f u t u r e l a n d u s e d i s t r i b u t i o n a n d p o p u l a t i o n c h a r a c t e r i s t i c s 
w i l l b e c o m p a t i b l e w i t h t h e f u t u r e u r b a n a c t i v i t y i n t h e m e t r o p o l i t a n 
a r e a . T h e i n v e n t o r y o f t h e s e i n d i c a t o r s a r e n e c e s s a r y t o t h e c i t y 
p l a n n e r , t h e d e m o g r a p h e r , a n d t h e e c o n o m i s t i n h e l p i n g t h e m i n t h e i r 
a n a l y s i s o f h o w t h e l a n d i n t h e m e t r o p o l i t a n a r e a i s b e i n g u s e d t o 
s u p p o r t t h e p e o p l e a n d t h e i r e c o n o m i c a c t i v i t i e s a n d t o a i d t h e m i n 
t h e i r f o r e c a s t s o f t h e f u t u r e u r b a n a c t i v i t y . 
T h e r e a r e m a n y s o u r c e s f r o m w h i c h t h e i n v e n t o r y o f u r b a n 
a c t i v i t y c a n b e d e v e l o p e d , a n d t h e s i z e o f t h e i n v e n t o r y w i l l b e 
l i m i t e d o n l y b y t h e d e p t h t o w h i c h t h e p l a n n e r s c o n s i d e r n e c e s s a r y 
t o d e v e l o p t h e l a n d u s e a n d p o p u l a t i o n c h a r a c t e r i s t i c s f o r t h e t r a n s p o r ­
t a t i o n p l a n n e r a n d a n y u s e t h e y h a v e f o r u r b a n a c t i v i t y d a t a , s u c h a s 
t h e d e v e l o p m e n t o f e c o n o m i c b a s e s t u d i e s a n d i n d u s t r i a l s i t e l o c a t i o n 
s t u d i e s . S o m e o f t h e s o u r c e s w h i c h w o u l d e n a b l e t h e d e v e l o p m e n t o f t h e 
l a n d u s e a n d p o p u l a t i o n c h a r a c t e r i s t i c s n e e d e d b y t h e t r a n s p o r t a t i o n 
p l a n n e r a r e : 
1 . P o p u l a t i o n d a t a f r o m C e n s u s p u b l i c a t i o n s , l o c a l l y m a i n t a i n e d 
v i t a l s t a t i s t i c s r e c o r d s , L a b o r S t a t i s t i c s p u b l i c a t i o n s , S t a t e E m p l o y m e n t 
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S e c u r i t y a g e n c i e s , a n d / o r h o m e i n t e r v i e w s . 
2 . L a n d u s e d a t a f r o m t a x d i g e s t s , b u i l d i n g a n d o c c u p a n c y p e r ­
m i t s , s t u d y o f a e r i a l p h o t o g r a p h y , o r l a n d u s e s u r v e y s m a d e i n t h e 
f i e l d . 
T r a v e l P a t t e r n s 
T h e p r i m a r y m e t h o d b y w h i c h t r a v e l p a t t e r n s a r e i n v e n t o r i e d i s 
a n o r i g i n - d e s t i n a t i o n s u r v e y , w h i c h c o n s i s t s o f f i n d i n g o u t w h e r e a t r i p 
b e g i n s a n d w h e r e i t e n d s . A s a r e s u l t o f t h i s s u r v e y , t h e t r a n s p o r t a t i o n 
p l a n n e r g e t s a " f e e l i n g f o r " t h e e x i s t i n g t r a v e l p a t t e r n s , b o t h a s t o 
m a g n i t u d e a n d t h e t y p e s o f t r i p s w h i c h a r e r e q u i r e d t o s e r v e t h e a r e a ' s 
p o p u l a t i o n . T h e f i v e g e n e r a l t y p e s o f q u e s t i o n s a s k e d b y t h e i n t e r v i e w e r 
d u r i n g t h e 0 - D s u r v e y a r e : 
1 . H o w m a n y t r i p s d i d y o u m a k e t o d a y ? 
2 . W h a t w a s t h e p u r p o s e o f e a c h t r i p ? 
3 . H o w , o r b y w h a t m o d e o f t r a n s p o r t a t i o n , d i d y o u m a k e 
t h i s t r i p ? 
W h e r e d i d y o u g o o n e a c h t r i p ? 
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5 . W h e r e d i d e a c h t r i p o r i g i n a t e ? 
S i n c e t h e m a g n i t u d e o f t h e d a t a t h a t w o u l d b e a c c u m u l a t e d a n d t h e 
j o b t h a t w o u l d b e r e q u i r e d i n o r d e r t o o b t a i n t h e s e d a t a o n e v e r y t r i p 
m a d e i n t h e u r b a n a r e a , t h o u g h d e s i r a b l e , w o u l d b e i m p r a c t i c a l . T h e 
0 - D s u r v e y r e q u i r e d t o c o l l e c t t h i s t r a v e l p a t t e r n d a t a m u s t b e d o n e 
u s i n g a r e p r e s e n t a t i v e s a m p l e : v a r i o u s m a n u a l s , s u c h a s What is Soien-
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tifio Sampling? , a r e a v a i l a b l e w h i c h e x p l a i n h o w s u c h a s a m p l e i s 
s e l e c t e d . 
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T h e r e a r e t w o m e t h o d s o f u s e i n o b t a i n i n g 0 - D d a t a : ( 1 ) t h e 
e x t e r n a l c o r d o n l i n e a n d ( 2 ) t h e h o m e i n t e r v i e w . T h e e x t e r n a l c o r d o n 
l i n e i n t e r v i e w t a k e s p l a c e a t a s t a t i o n o n a l i n e d e l i m i t i n g t h e 
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o u t e r b o u n d a r y o f t h e t r a n s p o r t a t i o n s t u d y ; h o w e v e r , t h i s m e t h o d i s 
r a r e l y u s e d f o r o b t a i n i n g t r a n s i t u s e i n f o r m a t i o n a s a t r a n s i t s y s t e m 
o n l y s e r v e s t h e d e v e l o p e d p o r t i o n s o f a n u r b a n a r e a w h i c h a r e g e n e r a l l y 
w i t h i n t h e e x t e r n a l c o r d o n . T h e r e f o r e , t h e t r a n s i t u s e i n f o r m a t i o n i s 
p r i m a r i l y o b t a i n e d b y t h e h o m e i n t e r v i e w w h i c h c o l l e c t s i n f o r m a t i o n 
a b o u t t h e i n t e r n a l - i n t e r n a l t r i p . A s t r a n s i t u s e r e p r e s e n t s o n l y a 
s m a l l p o r t i o n o f t h e t o t a l t r i p s i n a m e t r o p o l i t a n a r e a , t h e t r a n s i t 
u s e d a t a c o l l e c t e d b y t h e h o m e i n t e r v i e w s h o u l d b e s u p p l e m e n t e d b y 
o n - t r a n s i t i n t e r v i e w s a n d d a t a f r o m s e c o n d a r y s o u r c e s . 
H o m e I n t e r v i e w S t u d y . T h e h o m e i n t e r v i e w s t u d y i s a p r o c e s s i n 
w h i c h t h e i n t e r v i e w e r v i s i t s t h e s e l e c t e d d w e l l i n g u n i t a n d i n t e r v i e w s 
e a c h o c c u p a n t a s t o h i s t r i p s a s w e l l a s o t h e r s t u d y d a t a t h a t m i g h t 
b e r e q u i r e d , s u c h a s f a m i l y i n c o m e a n d a u t o m o b i l e a v a i l a b i l i t y . T h e 
d a t a c o l l e c t e d b y t h e h o m e i n t e r v i e w c a n t h e n b e e x p a n d e d t o t h e w h o l e 
t r a f f i c a n a l y s i s z o n e i n o r d e r t o o b t a i n t h e a v e r a g e t r a v e l h a b i t s 
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w i t h i n t h a t z o n e . 
A s t h e h o m e i n t e r v i e w i s t h e m o s t e x p e n s i v e m e t h o d o f c o l l e c t i n g 
t r a v e l p a t t e r n d a t a , o t h e r w a y s o f c o l l e c t i n g t h i s d a t a a r e b e i n g 
e x p l o r e d , s u c h a s t e l e p h o n e i n t e r v i e w s a n d p o s t c a r d i n t e r v i e w s , t o 
r e d u c e t h e c o s t o f d a t a c o l l e c t i o n . T h i s a u t h o r b e l i e v e s t h a t a c o m b i ­
n a t i o n o f t h e h o m e i n t e r v i e w a n d t h e t e l e p h o n e i n t e r v i e w h a s g r e a t e s t 
p o s s i b i l i t y o f c o s t r e d u c t i o n a n d s t i l l o b t a i n i n g u n b i a s e d d a t a . 
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T h i s m e t h o d w o u l d b e a c c o m p l i s h e d b y f i r s t s e l e c t i n g t h e d w e l l i n g u n i t s 
t o b e s a m p l e d a n d t h e n m a i l i n g o u t a p o s t c a r d r e q u e s t i n g t h e t e l e p h o n e 
n u m b e r a s w e l l a s e x p l a i n i n g t h e p u r p o s e o f t h e i n t e r v i e w w h i c h w i l l b e 
t a k e n ; t h e n d u r i n g t h e p e r i o d s e l e c t e d f o r o b t a i n i n g t h e 0 - D d a t a , t h e 
p e r s o n s h a v i n g a t e l e p h o n e c o u l d b e i n t e r v i e w e d b y t e l e p h o n e a n d d a t a 
f r o m n o - p h o n e a n d n o - a n s w e r d w e l l i n g u n i t s w o u l d b e o b t a i n e d b y a h o m e 
i n t e r v i e w . T h i s m e t h o d c o u l d m a k e a l a r g e r s a m p l e a v a i l a b l e a t l e s s 
c o s t a n d r e m o v e t h e b i a s o f m i s s i n g n o - p h o n e d w e l l i n g u n i t s . 
O n - T r a n s i t I n t e r v i e w . T h e d a t a c o l l e c t e d b y t h e o n - t r a n s i t 
i n t e r v i e w i s o f l i t t l e u s e i n d e t e r m i n i n g t o t a l t r a v e l a c t i v i t y , d u e 
t o i t s m o d e b i a s , e x c e p t i n o b t a i n i n g d a t a o n t r a n s i t t r i p s w h i c h 
b e g a n a s a u t o t r i p s o u t s i d e o f t h e s t u d y a r e a , a n e x t e r n a l - i n t e r n a l b i -
m o d a l t r i p . H o w e v e r , t h e d a t a a r e v a l u a b l e i n t h a t t h e i n f o r m a t i o n o b ­
t a i n e d c a n b e u s e d i n d e t e r m i n i n g w h a t f a c t o r s c a u s e d a p e r s o n t o u s e 
m a s s t r a n s p o r t a t i o n f o r a p a r t i c u l a r t r i p i n s t e a d o f h i s c a r , i f h e h a d 
o n e a v a i l a b l e t o u s e . I t a l s o g i v e s t h e t r a n s p o r t a t i o n p l a n n e r a b e t t e r 
i d e a o f w h a t m i g h t h a p p e n i f t h e s a m e t y p e o f t r a n s i t s e r v i c e w e r e 
a v a i l a b l e i n a r e a s w h i c h h a v e a l o w r a t e o f t r a n s i t u s e . I n t h i s s u r v e y , 
t h e s a m e t y p e o f q u e s t i o n s u s e d i n t h e h o m e i n t e r v i e w a r e u s e d b y t h e 
o n - t r a n s i t i n t e r v i e w e r ; e x c e p t t h a t h e i s n o t r e s t r i c t e d t o a s e t s a m p l e 
r a t e b u t r a t h e r b y t h e t i m e i t t a k e s h i m t o c o m p l e t e a n i n t e r v i e w . 
S e c o n d a r y D a t a S o u r c e s . B e c a u s e o f t h e l a r g e e x p e n s e a n d e f f o r t 
i n v o l v e d i n d o i n g i n t e r v i e w s , m o r e r e a d i l y a v a i l a b l e d a t a s o u r c e s a r e 
b e i n g s o u g h t . O n e s o u r c e o f d a t a i s t h e d i c e n n i a l a n d s p e c i a l c e n s u s e s 
c o n d u c t e d b y t h e U . S . B u r e a u o f t h e C e n s u s a n d a n o t h e r i s t h e e c o n o m i c 
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s t a t i s t i c s p u b l i s h e d b y t h e U . S . B u r e a u o f L a b o r S t a t i s t i c s ; t h e s e t w o 
s o u r c e s h a v e b e e n u s e d i n c o n j u n c t i o n w i t h e a c h o t h e r t o d e v e l o p m o d a l 
c h o i c e r e l a t i o n s h i p s . T h e " J o u r n e y t o W o r k S u r v e y " f r o m t h e C e n s u s 
p u b l i c a t i o n s a n d " S p e c i a l L a b o r F o r c e C h a r a c t e r i s t i c s " f r o m t h e L a b o r 
S t a t i s t i c s p u b l i c a t i o n s w e r e u s e d b y t r a n s p o r t a t i o n p l a n n e r s t o d e v e l o p 
a m o d a l s p l i t r e l a t i o n s h i p f o r w o r k t r i p s i n t h e N e w Y o r k S t a n d a r d 
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M e t r o p o l i t a n S t a t i s t i c a l A r e a . 
A n a l y s i s o f D a t a 
D u r i n g t h e a n a l y s i s o f d a t a p h a s e o f a t r a n s p o r t a t i o n s t u d y , t h e 
d a t a c o l l e c t e d f r o m t h e v a r i o u s i n v e n t o r i e s i s " t a k e n a p a r t " i n o r d e r t o 
d e v e l o p t h e i n t e r r e l a t i o n s h i p s w h i c h e x i s t b e t w e e n t h e l a n d u s e a n d 
p o p u l a t i o n c h a r a c t e r i s t i c s a n d t h e t r a v e l p a t t e r n s . A s t h e s e r e l a t i o n ­
s h i p s a r e d e v e l o p e d , i t w i l l b e s e e n t h a t s o m e f a c t o r s w i l l i n d i c a t e a 
s t r o n g r e l a t i o n s h i p t o a u t o m o b i l e t r i p s a n d o t h e r s a s t r o n g r e l a t i o n s h i p 
t o t r a n s i t ; t h u s , t h e f a c t o r w h i c h t h e " a v e r a g e " t r i p m a k e r c o n s i d e r s i n 
m a k i n g h i s c h o i c e b e t w e e n t r a n s i t a n d t h e a u t o m o b i l e w i l l b e d e v e l o p e d . 
T h e s e r e l a t i o n s h i p s s h o u l d b e d e v e l o p e d b y s p e c i a l i s t s i n i n t e r p r e t i n g 
t h e v a r i o u s d a t a t o i n s u r e t h a t t h e r e l a t i o n s h i p s a r e l o g i c a l a n d t o 
d e t e r m i n e i f t h e d a t a r e q u i r e d f o r e a c h r e l a t i o n s h i p c a n b e e a s i l y m a i n ­
t a i n e d a n d u p d a t e d . 
T h e f a c t o r s w h i c h i n f l u e n c e m a s s t r a n s i t u s e c a n b e p l a c e d i n t o 
t h r e e g e n e r a l c a t e g o r i e s : ( 1 ) T r i p m a k e r C h a r a c t e r i s t i c s , ( 2 ) T r i p 
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C h a r a c t e r i s t i c s , a n d ( 3 ) S y s t e m C h a r a c t e r i s t i c s . T h e t r a n s i t u s e 
e s t i m a t i n g p r o c e d u r e d e v e l o p e d m a y i n c l u d e o n e o r m o r e o f t h e s e c h a r a c ­
t e r i s t i c s a n d o n e o r m o r e o f t h e f a c t o r s w i t h i n e a c h c a t e g o r y o f t h e s e 
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characteristics; however, the number of factors used in an estimating 
procedure should be economic: 
1. There should not be so many variables as to require the 
keeping of too many different items of data up to date. 
2. There should be enough different variables to yield good 
statistical reliability, the maximum correlation with the minimum 
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standard error. 
In developing the estimating procedure, continuations of the various 
relationships are used to reproduce the base-year transit use; the pro­
cedure which most nearly reproduces the base-year, with an acceptable 
error of estimation and is logical, is selected as the procedure to 
use in the forecasting phase. 
Tripmaker Characteristics 
The tripmaker characteristics include both social and economic 
factors which influence a tripmaker to choose between the available 
modes of transportation. Because of the qualitative nature of social 
characteristics, they are generally represented by a quantity describ­
ing the area in which the tripmaker lives. Similarly, the economic 
factors influencing transit use are described by selected population 
characteristics of the area in which they live. 
Some tripmaker characteristics, such as family size (persons per 
family), land use intensity (single-, two-, and multi-family residential 
acres) at the origin of a trip, and population density (persons per 
acre), generally indicate an increase in transit use as they increase; 
while other characteristics, such as automobile availability (automobiles 
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p e r f a m i l y o r p e r d w e l l i n g u n i t ) a n d i n c o m e ( a v e r a g e i n c o m e p e r f a m i l y 
o r p e r f a m i l y a n d u n r e l a t e d i n d i v i d u a l ) , g e n e r a l l y i n d i c a t e a d e c r e a s e 
i n t r a n s i t u s e a s t h e y i n c r e a s e . T h e s e t r i p m a k e r c h a r a c t e r i s t i c s a r e 
t h o s e m o s t c o m m o n l y u s e d i n p r e v i o u s t r a n s p o r t a t i o n s t u d i e s . 
T r i p C h a r a c t e r i s t i c s 
T h e t r i p c h a r a c t e r i s t i c s a r e t h o s e c o n d i t i o n s w h i c h s u r r o u n d 
a p a r t i c u l a r t r i p a n d i n f l u e n c e t h e m o d e o f t r a n s p o r t a t i o n t o b e u s e d . 
T h e m o s t c o m m o n l y u s e d t r i p c h a r a c t e r i s t i c s a r e t r i p p u r p o s e a n d t r i p 
l e n g t h . 
I n o r d e r t o o b t a i n t r i p p u r p o s e , i t i s n e c e s s a r y t o k n o w t h e 
t y p e o f l a n d u s e a t e a c h e n d o f t h e t r i p , a n d w h y a t r i p w a s m a d e ; i . e . , 
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a t r i p t o a c o m m e r c i a l l a n d u s e m a y b e f o r w o r k o r s h o p p i n g . T h e r e 
s h o u l d a l w a y s b e a t l e a s t t h r e e t r i p p u r p o s e s u s e d ; ( l ) h o m e - b a s e d w o r k 
t r i p s , ( 2 ) h o m e - b a s e d n o n - w o r k t r i p s , a n d ( 3 ) n o n - h o m e - b a s e d t r i p s ; 
h o w e v e r , t h e h o m e - b a s e d n o n - w o r k t r i p s m a y b e e x p a n d e d d e p e n d i n g u p o n 
t h e a v a i l a b i l i t y o f d a t a a n d t h e d e s i r a b i l i t y o f i n v e s t i g a t i n g t h e 
a f f e c t s o f o t h e r h o m e - b a s e d t r i p p u r p o s e s . 
T r i p l e n g t h i s g e n e r a l l y c o n s i d e r e d t o b e t h e t i m e i t t a k e s t o 
m a k e a g i v e n t r i p r a t h e r t h a n t h e d i s t a n c e o v e r w h i c h t h e t r i p i s m a d e ; 
t h i s b e i n g t h e c o m m o n l y c o n s i d e r e d t r a v e l d e t e r m i n a n t I n t o d a y ' s u r b a n 
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e n v i r o n m e n t . T h i s m e a s u r e m e n t h a s b e e n m a d e m t w o w a y s , t h e a i r ­
l i n e , o r s t r a i g h t - l i n e , d i s t a n c e b e t w e e n t h e o r i g i n a n d d e s t i n a t i o n a n d 
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t h e a c t u a l r o u t e d i s t a n c e , e i t h e r o f w h i c h i s t h e n c o n v e r t e d t o t i m e . 
B e c a u s e a u t o m o b i l e a n d t r a n s i t t r a v e l t i m e s a r e g e n e r a l l y c o m p a r e d b y a r a t i o i n t r a n s i t u s e e s t i m a t i n g p r o c e d u r e ; s o m e t r a n s p o r t a t i o n p l a n n e r s 
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f e e l t h a t s u c h a r a t i o w i l l t e n d t o " m a s k " l a r g e a b s o l u t e t r a v e l t i m e 
d i f f e r e n c e s ; t h e r e f o r e , t h e y d e s i r e t o u s e d i s t a n c e m e a s u r e m e n t i n t h e i r 
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t r a n s i t u s e e s t i m a t i n g p r o c e d u r e . 
S y s t e m C h a r a c t e r i s t i c s 
T h e v e h i c l e , t h e t r a v e l e d - w a y , a n d c o n t r o l d e v i c e s a r e t h e m a j o r 
c o m p o n e n t s o f b o t h m a s s t r a n s p o r t a t i o n a n d h i g h w a y f a c i l i t i e s ; b u t d u e 
t o t h e i r p h y s i c a l d i f f e r e n c e s , p r i m a r i l y i n t h e v e h i c l e a n d i t s 
t r a v e l e d - w a y , t h e y d i s p l a y d i f f e r e n t s y s t e m c h a r a c t e r i s t i c s . T h e b a s i c 
d i f f e r e n c e i s d u e t o t h e f l e x i b i l i t y o f a u t o m o b i l e r o u t e a s c o m p a r e d t o 
t h e g o v e r n m e n t - c o n t r o l l e d b u s r o u t e a n d p i c k - u p p o i n t s o r t h e f i x e d r a i l 
t r a n s i t f a c i l i t y w i t h i t s f i x e d t e r m i n a l s ; h o w e v e r , t h e m o r e f i x e d t h e 
f a c i l i t y , t h e h i g h e r t h e p o t e n t i a l t r i p m a k e r c a p a c i t y . T h u s , t h e t r i p -
m a k e r h a s t h e o p p o r t u n i t y t o s e l e c t t h e m o d e w h i c h m o s t n e a r l y f i t s h i s 
t r a v e l n e e d s . 
T h e m o s t g e n e r a l l y u s e d s y s t e m c h a r a c t e r i s t i c s q u a n t i t i e s t o 
r e p r e s e n t t h e q u a l i t y o f h o w w e l l t h e e x i s t i n g o r p r o p o s e d t y p e o f 
t r a n s i t f a c i l i t y w i l l s e r v e t h e f u t u r e t r i p m a k e r a r e : 
1 . Accessibility Ratio— A c o m p a r i s o n o f t h e r e l a t i v e e a s e b y 
w h i c h a n a u t o m o b i l e t r i p a n d a t r a n s i t t r i p c a n b e m a d e b e t w e e n t h e 
s a m e o r i g i n a n d d e s t i n a t i o n . T h i s r a t i o i s u s u a l l y d e v e l o p e d b y u s i n g 
a g r a v i t y m o d e l , t h e t h e o r y a n d a p p l i c a t i o n o f w h i c h c a n b e f o u n d i n 
m o s t w r i t i n g s e x p l a i n i n g t r a n s p o r t a t i o n p l a n n i n g t o o l s , s u c h a s Cali-
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bvating and Testing a GRAVITY MODEL for Any Size Urban Area. When 
t h i s r a t i o i s d e v e l o p e d c o m p a r i n g t r a n s i t a c c e s s i b i l i t y t o h i g h w a y 
a c c e s s i b i l i t y , t h e h i g h e r t h e r a t i o t h e g r e a t e r t h e t r a n s i t u s e e x p e c t e d . 
14-
2 . C o s t — G e n e r a l l y , c o s t s c o n s i d e r e d a r e e x p r e s s e d a s a r a t i o o f 
" o u t - o f - p o c k e t " c o s t s o f t r a n s i t t o a u t o m o b i l e , s u c h a s t h e t r a n s i t f a r e 
c o m p a r e d t o t h e p a r k i n g a n d g a s o l i n e a n d o i l c o s t s ; t h e h i g h e r t h i s 
r a t i o t h e g r e a t e r t r a n s i t u s e e x p e c t e d . H o w e v e r , a s m o s t p e o p l e p a y 
l i t t l e a t t e n t i o n t o t h e c o s t s o f t h e i r a u t o m o b i l e o p e r a t i o n , i t h a s 
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l i t t l e e f f e c t o n t h e i r c h o i c e o f t r a v e l m o d e s . 
3 . Levels or Quality, of Service—This i s g e n e r a l l y e x p r e s s e d a s 
a r a t i o o f " e x c e s s t r a v e l t i m e " b y t r a n s i t t o t h a t b y a u t o m o b i l e , a 
c o m p a r i s o n o f t h e t i m e r e q u i r e d t o m a k e a t r i p w h i c h i s s p e n t o u t s i d e 
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o f t h e v e h i c l e . T h e g r e a t e r t r a n s i t u s e i s e x p e c t e d a s t h i s r a t i o 
d e c r e a s e s . 
T h e r e a r e o t h e r q u a l i t a t i v e s y s t e m c h a r a c t e r i s t i c s w h i c h h a v e a r e l a t i o n 
t o t r a n s i t u s e , s u c h a s t h e a v a i l a b i l i t y o f a s e a t , t h e r e l i a b i l i t y o r 
a d h e r e n c e t o a s c h e d u l e , s m o o t h n e s s o f t h e r i d e , a n d f r e e d o m f r o m o b j e c ­
t i o n a b l e o d o r s , w h i c h a r e n o t c o n s i d e r e d i n d e v e l o p i n g a t r a n s i t - u s e 
e s t i m a t i n g p r o c e d u r e . N o t c o n s i d e r i n g t h e s e f a c t o r s i n d e v e l o p i n g t h e 
p r o c e d u r e i s c o r r e c t , a s t h e y a r e d e s i g n c o n s i d e r a t i o n s w h i c h c a n b e 
" b u i l t i n t o " t h e r e c o m m e n d e d m a s s t r a n s p o r t a t i o n f a c i l i t y . 
F o r e c a s t i n g 
O n c e t h e r e i s a c a l i b r a t e d m o d e l , o r a m o d e l w h i c h r e p r o d u c e s t h e 
b a s e - y e a r o b s e r v a t i o n s w i t h i n a c c e p t a b l e e r r o r l i m i t s , t h e y a r e t h e n 
u s e d t o e s t i m a t e f u t u r e t r i p s , u s i n g t h e l a n d u s e a n d p o p u l a t i o n c h a r ­
a c t e r i s t i c s w h i c h h a v e b e e n d e v e l o p e d f r o m t h e f o r e c a s t s o f u r b a n 
a c t i v i t y . I n o r d e r t o c a r r y o u t t h e t r a v e l f o r e c a s t i n g p r o c e s s , t w o 
a s s u m p t i o n s a r e m a d e : 
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1 . U r b a n a c t i v i t y w i l l c a u s e t r i p s . T h i s a s s u m p t i o n s h o u l d b e 
m a d e o n l y a s a b a s i s o f b e g i n n i n g t h e p l a n n i n g o f a f u t u r e t r a n s p o r t a ­
t i o n s y s t e m , b e c a u s e u r b a n a c t i v i t y a n d t r i p s m u s t b e b a l a n c e d t o i n s u r e 
t h a t s u f f i c i e n t t r i p s c a n b e m a d e t o s u p p o r t t h e f o r e c a s t e d u r b a n 
3 0 
a c t i v i t y . I n p r e v i o u s t r a n s p o r t a t i o n s t u d i e s , t h e r e w a s n o w a y t o 
b a l a n c e u r b a n a c t i v i t y t o t r i p s ; b u t w i t h t h e d e v e l o p m e n t o f u r b a n 
d e v e l o p m e n t m o d e l s , s u c h a b a l a n c i n g o r i t e r a t i v e t e c h n i q u e i s a v a i l -
3 1 
a b l e t o t r a n s p o r t a t i o n p l a n n i n g s t a f f s . 
2 . T h e s a m e u r b a n a c t i v i t y - t r a v e l p a t t e r n r e l a t i o n s h i p s w h i c h 
e x i s t e d i n t h e b a s e y e a r , t h e t i m e p e r i o d d u r i n g w h i c h t h e i n i t i a l d a t a 
w e r e g a t h e r e d , w i l l e x i s t i n t h e f u t u r e - y e a r , t h e t i m e p e r i o d w h i c h i s 
t h e t a r g e t o f t h e f o r e c a s t s . 
A s i n t h e p r e v i o u s p h a s e s o f t r a n s p o r t a t i o n p l a n n i n g , t h e j u d g m e n t o f 
s p e c i a l i s t s i n e a c h a r e a b e i n g f o r e c a s t e d s h o u l d b e u s e d t o i n s u r e t h a t 
t h e f o r e c a s t s o b t a i n e d a r e l o g i c a l . A l s o , a s t h e a r e a d e v e l o p m e n t 
f o r e c a s t s a r e m a d e b y c i t y p l a n n e r s , t h e i r j u d g m e n t i s n e c e s s a r y i n 
d e c i d i n g w h e t h e r t h e f o r e c a s t s h o u l d b e o n l y a p r o j e c t i o n o f t h e p r e s e n t 
d e v e l o p m e n t t r e n d s o r a f o r m o f c o n c e p t u a l i z e d d e v e l o p m e n t , s u c h a s 
s a t e l l i t e c i t i e s o r n e w t o w n c l u s t e r s , d e p e n d i n g o n t h e o v e r a l l d e v e l o p -
3 2 
m e n t g o a l s o f t h e m e t r o p o l i t a n a r e a . 
U r b a n A c t i v i t y 
T h e u r b a n a c t i v i t y f o r e c a s t s m a d e i n a c c o r d w i t h t h e g o a l s a n d 
o b j e c t i v e s o f t h e m e t r o p o l i t a n a r e a w i l l e s t i m a t e t h e n u m b e r a n d d i s ­
t r i b u t i o n o f p e o p l e , h o w t h e y w i l l m e e t t h e i r e c o n o m i c n e e d s , a n d h o w t h e y w i l l u t i l i z e t h e l a n d i n t h e f u t u r e . T h e t r a n s p o r t a t i o n p l a n n e r 
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o n l y u s e s t h e l a n d u s e a n d s e l e c t e d p o p u l a t i o n c h a r a c t e r i s t i c s w h i c h 
a r e d e v e l o p e d f r o m t h e f o r e c a s t o f u r b a n a c t i v i t y a s t h e i n p u t i n t o h i s 
m o d e l s t o f o r e c a s t f u t u r e t r a v e l p a t t e r n s . 
B e c a u s e t h e r e q u i r e m e n t f o r i n p u t i n t o t h e t r a v e l m o d e l s i s t h e 
s a m e , r e g a r d l e s s o f t h e f u t u r e d e v e l o p m e n t f o r e c a s t e d ; t h e c i t y p l a n n e r s 
c a n h a v e s e v e r a l a l t e r n a t e d e v e l o p m e n t p l a n s t e s t e d t o d e t e r m i n e t h e 
o p t i m u m , b o t h a s t o u r b a n a c t i v i t y a n d t r a v e l d e m a n d s , a s w a s d o n e i n 
s e v e r a l t r a n s p o r t a t i o n s t u d i e s , s u c h a s S o u t h e a s t e r n W i s c o n s i n a n d 
3 3 
T w i n C i t i e s . 
T r a v e l P a t t e r n s 
U s i n g t h e l a n d u s e a n d p o p u l a t i o n c h a r a c t e r i s t i c s f r o m t h e u r b a n 
a c t i v i t y f o r e c a s t s , t h e t r a n s p o r t a t i o n p l a n n e r w i l l e s t i m a t e t r a v e l p a t ­
t e r n s u s i n g t h e f o u r b a s i c t r a v e l m o d e l s : 
1 . T r i p g e n e r a t i o n m o d e l s w h i c h d e t e r m i n e t h e m a g n i t u d e o f 
f u t u r e t r i p s . 
2 . T r i p d i s t r i b u t i o n m o d e l s w h i c h d e t e r m i n e w h e r e t h e f u t u r e 
t r i p s w i l l g o . 
3 . M o d a l s p l i t m o d e l s w h i c h d e t e r m i n e h o w t h e s e t r i p s w i l l b e 
m a d e , b y m a s s t r a n s p o r t a t i o n o r h i g h w a y f a c i l i t i e s . 
4 - . T r i p a s s i g n m e n t m o d e l s w h i c h d e t e r m i n e w h i c h r o u t e t h e s e 
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t r i p s w i l l u s e . H o w e v e r , w h e n d i r e c t g e n e r a t i o n o f t r a n s i t i s u s e d , 
a m o d a l s p l i t m o d e l w i l l n o t b e u s e d b e c a u s e i n d i r e c t g e n e r a t i o n , 
t r a n s i t t r i p s a r e c o n s i d e r e d s e p a r a t e f r o m a u t o m o b i l e t r i p s r a t h e r t h a n 
a p e r c e n t o f t o t a l t r i p s w i t h i n t h e s t u d y a r e a . 
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C H A P T E R I I 
M A S S T R A N S P O R T A T I O N U S E E S T I M A T I N G P R O C E D U R E S 
T h e r e a r e t h r e e m e t h o d s o f e s t i m a t i n g c u r r e n t l y b e i n g u s e d i n 
t r a n s p o r t a t i o n s t u d i e s , a l l o f w h i c h a r e a c c e p t e d b y t h e B u r e a u o f 
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P u b l i c R o a d s , t h e f e d e r a l a g e n c y w h i c h i s r e s p o n s i b l e f o r s e e i n g 
t h a t c o m p r e h e n s i v e t r a n s p o r t a t i o n p l a n s a r e f o r m u l a t e d i n e a c h o f t h e 
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u r b a n a r e a s o v e r 5 0 , 0 0 0 p o p u l a t i o n ; t h e s e a r e , ( 1 ) t h e d i r e c t g e n e r ­
a t i o n o f t r a n s i t t r i p s , ( 2 ) t h e t r i p a n d m o d a l s p l i t m o d e l , a n d ( 3 ) t h e 
t r i p - i n t e r c h a n g e m o d a l s p l i t m o d e l . T h e m o d a l s p l i t m o d e l s a r e c o n ­
s i d e r e d m o r e r e p r e s e n t a t i v e o f " r e a l l i f e " t h a n d i r e c t g e n e r a t i o n 
b e c a u s e t h e y r e l a t e b o t h t r a n s i t a n d a u t o m o b i l e t r i p s ; t h u s s i m u l a t i n g 
t h e p r e f e r e n c e o f o n e m o d e o v e r t h e o t h e r . H o w e v e r , t o d e v e l o p a n d u s e 
t h e s e m o r e a n a l y t i c a l m o d e l s , b o t h a t r a n s i t a n d a h i g h w a y o p t i o n s h o u l d 
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b e a v a i l a b l e t o t h e t r i p m a k e r . 
B a s i c a l l y , e a c h o f t h e t h r e e e s t i m a t i n g p r o c e d u r e s d i f f e r o n l y i n 
w h e n t h e y a r e d e v e l o p e d i n t h e a n a l y s i s p h a s e a n d a p p l i e d i n t h e f o r e ­
c a s t i n g p h a s e o f t h e t r a n s p o r t a t i o n p l a n n i n g p r o c e s s ; F i g u r e 1 i l l u s -
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t r a t e s t h e d i f f e r e n c e i n t h e s e q u e n c e o f e v e n t s ; f o r s i m p l i c i t y t h e 
f e e d b a c k o r b a l a n c i n g p r o c e s s i s n o t s h o w n . T h e d i r e c t g e n e r a t i o n 
p r o c e s s , a p r o c e s s w h i c h s h o u l d o n l y b e u s e d i n s m a l l m e t r o p o l i t a n 3 9 a r e a s w i t h l o w t r a n s i t u s e , s e p a r a t e s t h  b a s e - y e a r t r a n s i t a n d a u t o ­m o b i l e t r i p s a n d t h e t w o t r i p t y e s a r n o t r e l a t e d u n i l t h e f u t u r e s y s t m f o r e c a s t s a r m a d e , a n d t h n o n l y t o i n u r e t h a t t h e h i g h w a y 
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T r i p D i s t r i b u t i o n T r i p D i s t r i b u t i o n 
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F i g u r e 1 . T y p i c a l S e q u e n c e o f t h e T r a n s p o r t a t i o n P l a n n i n g P r o c e s s 
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f a c i l i t i e s u s e d j o i n t l y h a v e s u f f i c i e n t c a p a c i t y t o h a n d l e b o t h t h e 
f o r e c a s t e d b u s t r i p s a n d a u t o m o b i l e t r i p s . T h e t r i p - e n d m o d e l s e p a r a t e s 
t h e p e r s o n t r i p - e n d s i n t o t r a n s i t t r i p s a n d a u t o m o b i l e t r i p s b e f o r e t r i p 
4 0 
d i s t r i b u t i o n ; t h u s t h i s m o d e l i s s o m e t i m e s c a l l e d a " p r e d i s t r i b u t i o n " 
4 1 
m o d e l . T h e t r i p - i n t e r c h a n g e m o d e l i s d e v e l o p e d t o s p l i t p e r s o n t r i p s 
4 2 
a f t e r t r i p d i s t r i b u t i o n i n t o t r a n s i t a n d a u t o m o b i l e t r i p s ; t h e r e f o r e , 
4 3 
i t i s s o m e t i m e s r e f e r r e d t o a s a " p o s t d i s t r i b u t i o n " m o d e l . 
A t r a n s i t u s e e s t i m a t i n g p r o c e d u r e m a y b e d e v e l o p e d b y a n y m a t h e ­
m a t i c a l o r s t a t i s t i c a l t e c h n i q u e k n o w n , b u t b e c a u s e t h i s p r o c e s s i n ­
v o l v e s t h e s i m u l a t i o n o f h u m a n r e a c t i o n s , t h e m e t r o p o l i t a n t r a n s p o r t a ­
t i o n s t u d i e s r e v i e w e d u s e d o n l y t h e s i m p l e r m o d e l i n g t e c h n i q u e s w h i c h 
w o u l d y i e l d a c c e p t a b l e s i m u l a t i o n s o f o b s e r v e d m o d a l c h o i c e . T h e m o d e l ­
i n g t e c h n i q u e s c o m m o n l y u s e d a r e : 
1 . Regression Analysis—This m e t h o d i n v o l v e s t h e r e d u c t i o n o f 
r e l a t e d d a t a t o d e t e r m i n e a s t r a i g h t l i n e w h i c h " b e s t " r e p r e s e n t s t h i s 
d a t a . 
2 . Cross-Classification—This m e t h o d i n v o l v e s t h e i s o l a t i o n o r 
" p i g e o n - h o l i n g " o f s i m i l a r d a t a , t h u s a v o i d i n g t h e a s s u m p t i o n o f l i n e a r -
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l t y m a d e w h e n u s i n g r e g r e s s i o n a n a l y s i s . 
3 . Data Fitting—This m e t h o d i s s i m i l a r t o r e g r e s s i o n a n a l y s i s 
i n t h a t r e l a t e d d a t a a r e r e d u c e d t o a l i n e a r f o r m — i n t h i s c a s e a c u r v e - -t h a t " b e s t " r e p r e s e n t s r e l a t e d d a t a . T h i s p r o c e s s m a y a l s o r e s u l t i n a s u r f a c e w h i c h i s d e f i n e d b y t h e i n t e r s e c t i o n o f t w o c u r v e s p l o t t e d p e r ­p e n d i c u l a r t o e a c h o t h e r . 
2 0 
T h e u s e o f t h e s e m o d e l i n g t e c h n i q u e s , w h i c h a r e a posteriori, o r b a s e d 
u p o n o b s e r v a t i o n s , a r e s u b j e c t t o a d d i t i o n a l a s s u m p t i o n s . 
1 . T h a t t h e d a t a o b s e r v e d w i l l h a v e a s t a t i s t i c a l l y n o r m a l 
d i s t r i b u t i o n , o r t h a t i n d i v i d u a l d a t a w i l l n o t v a r y a l a r g e a m o u n t f r o m 
a n a v e r a g e o f a l l d a t a . ^ 
2 . T h a t t h e d a t a o b s e r v e d a r e n o t h o m o s c e d a s t i c , o r t h a t t h e y 
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d o n o t d i s p l a y I d e n t i c a l c h a r a c t e r i s t i c s w i t h o t h e r o b s e r v e d d a t a . 
T h e s e m o d e l i n g t e c h n i q u e s a r e n o t p e c u l i a r t o a n y o f t h e t r a n s i t 
u s e e s t i m a t i n g p r o c e d u r e s ; t h o u g h u s a g e h a s t e n d e d t o l i m i t t h e u s e o f 
c r o s s - c l a s s i f i c a t i o n t o t h e d e v e l o p m e n t o f a t r i p - e n d m o d a l s p l i t 
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m o d e l . S i m i l a r l y , r e g r e s s i o n a n a l y s i s h a s b e e n t h e o n l y m o d e l i n g 
t e c h n i q u e u s e d t o d e v e l o p a d i r e c t g e n e r a t i o n m o d e l , t h o u g h c r o s s -
c l a s s i f i c a t i o n c o u l d a l s o b e u s e d t o d e v e l o p t h i s p r o c e d u r e . T h e r e a r e 
o t h e r m a t h e m a t i c a l o r s t a t i s t i c a l m o d e l i n g t e c h n i q u e s w h i c h c o u l d b e 
u s e d b y t h e t r a n s p o r t a t i o n p l a n n e r , s u c h a s m u l t i v a r i a t e a n a l y s i s , a n d 
t h e u s e o f P e a r s o n ' s c u r v e s . H o w e v e r , i n o r d e r t o u s e t h o s e m o r e 
s o p h i s t i c a t e d t e c h n i q u e s , t h e s e r v i c e s o f a t h e o r e t i c a l s t a t i s t i c i a n 
w o u l d b e r e q u i r e d t o i n s u r e t h a t t h e t e c h n i q u e s w e r e b e i n g p r o p e r l y 
e m p l o y e d a s t h e i r u s e t o d a t e h a s b e e n r e s t r i c t e d t o r e s e a r c h a c t i v i ­
t i e s ; t h e t h e o r y a n d p o s s i b l e a p p l i c a t i o n o f t h e s e m o r e a d v a n c e d t e c h -
n i q u e s c a n b e f o u n d i n t e s t s s u c h a s The Advanced Theory of Statistics. 
A l s o s o m e o f t h e s e t e c h n i q u e s a r e r e l a t i v e l y i n s e n s i t i v e t o s l i g h t 
c h a n g e s i n c o n d i t i o n s , w h i c h l i m i t t h e i r u s e i n t r a n s p o r t a t i o n p l a n -
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m n g . 
2 1 
R e g r e s s i o n A n a l y s i s 
T h e r e g r e s s i o n a n a l y s i s t e c h n i q u e w a s f i r s t u s e d f o r d e v e l o p i n g a 
t r a n s i t u s e e s t i m a t i n g p r o c e d u r e b y t h e T r a n s p o r t a t i o n P l a n n i n g s t a f f o f 
t h e C h i c a g o A r e a T r a n s p o r t a t i o n S t u d y i n t h e m i d - 5 0 ' s a s i t w a s d e t e r ­
m i n e d b y t h e s t u d y s t a f f t h a t s e v e r a l f a c t o r s , n o t t i m e a l o n e a s h a d 
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b e e n u s e d p r e v i o u s l y t o e s t i m a t e t r a n s i t u s e , i n f l u e n c e d t r a n s i t u s e . 
T h i s t e c h n i q u e a l l o w s t h e t r a n s p o r t a t i o n p l a n n e r t o d e v e l o p a n e s t i m a t ­
i n g p r o c e d u r e t h a t i s " t a i l o r e d " t o t h e r e g i o n u n d e r c o n s i d e r a t i o n b y 
u s i n g o n l y t h o s e f a c t o r s w h i c h a r e m o s t r e l a t e d , s t a t i s t i c a l l y , t o 
t r a n s i t u s e . 
R e g r e s s i o n a n a l y s i s i s a r e l a t i v e l y s i m p l e s t a t i s t i c a l t e c h n i q u e 
w h i c h c a n b e u s e d t o m e a s u r e t h e r e l a t i o n s h i p o f a w i d e v a r i e t y o f d a t a , 
e i t h e r l i n e a r l y o r n o n l i n e a r l y . B e c a u s e o f i t s r e l a t i v e s i m p l i c i t y a n d 
f l e x i b i l i t y , r e g r e s s i o n a n a l y s i s i s u s e d i n n e a r l y a l l f i e l d s o f e m p i r -
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i c a l r e s e a r c h ; a s a c o n s e q u e n c e o f i t s w i d e s p r e a d u s e , m a n y p r o g r a m s 
u s i n g t h i s a n a l y s i s t e c h n i q u e h a v e b e e n w r i t t e n , o r p r e p a r e d , f o r c o m -
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p u t e r u s e . S i m i l a r l y , t h i s s i m p l i c i t y a n d f l e x i b i l i t y h a v e a l l o w e d 
r e g r e s s i o n a n a l y s i s t o b e " t a i l o r e d " f o r u s e i n t h e d e v e l o p m e n t o f e a c h 
o f t h e t h r e e f o r m s o f t r a n s i t u s e e s t i m a t i n g p r o c e d u r e s . 
R e g r e s s i o n a n a l y s i s a s e m p l o y e d b y t r a n s p o r t a t i o n p l a n n e r s i n ­
v o l v e s f o u r m a j o r s t a t i s t i c a l o p e r a t i o n s , a l l o f w h i c h a r e d o n e i n o n e 
c o m p u t e r " r u n . " T h e s e a r e : 
1 . Partial Correlation Analysis—A m e t h o d u s e d t o d e t e r m i n e i f 
c o l l i n e a r i t y e x i s t s b e t w e e n v a r i a b l e s , o r i f t h e v a r i a b l e s a r e s t r o n g l y 
i n t e r r e l a t e d ; v a r i a b l e s s h o u l d n o t b e c o l l i n e a r i n o r d e r t o h a v e a s t a ­t i s t i c a l l y s o u n d e s t i m a t i n g p r o c e d u r e . 
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2. Computation of the Level of Significance—In t h i s m e t h o d , t h e 
" F " n u m b e r , a m e a s u r e o f s t a t i s t i c a l r e l a t i o n o f i n d e p e n d e n t v a r i a b l e s 
t o t h e d e p e n d e n t v a r i a b l e , i s c o m p u t e d a n d o n l y t h e v a r i a b l e w i t h t h e 
h i g h e s t " F " n u m b e r s a r e u t i l i z e d i n t h e r e g r e s s i o n e q u a t i o n . 
3. Regression Equation Development—Generally, a s i m p l e l i n e a r 
r e g r e s s i o n i s u s e d i n d e v e l o p i n g t h e e q u a t i o n ; t h i s m e t h o d r e d u c e s 
s c a t t e r e d , r e l a t e d d a t a p o i n t s t o a l i n e w h i c h " b e s t " r e p r e s e n t s t h i s 
s c a t t e r i n b o t h s l o p e a n d l o c a t i o n . F i g u r e 2 i s a r e g r e s s i o n d i a g r a m 
i l l u s t r a t i n g s c a t t e r e d d a t a p o i n t s a n d t h e r e g r e s s i o n l i n e w h i c h " b e s t " 
5 4 
f i t s . T h e e q u a t i o n u s e d i n t h i s t e c h n i q u e i s t h a t o f a s t r a i g h t l i n e . 
Y = a + bX, 
w h e r e Y i s t h e d e p e n d e n t v a r i a b l e o r t h e u n k n o w n v a l u e b e i n g s o u g h t , 
a i s t h e i n t e r c e p t o r r e g r e s s i o n c o n s t a n t , 
b i s t h e s l o p e o r r e g r e s s i o n c o e f f i c i e n t . 
X i s t h e i n d e p e n d e n t v a r i a b l e o r t h e k n o w n v a l u e . 
B e c a u s e t h e r e i s g e n e r a l l y m o r e t h a n o n e v a r i a b l e a f f e c t i n g 
t r a n s i t u s e , s e v e r a l r e g r e s s i o n c o m p u t a t i o n s w i l l b e m a d e t e s t i n g t h e 
e f f e c t o f o n e v a r i a b l e a t a t i m e , o r s t e p w i s e m u l t i p l e r e g r e s s i o n ; 
t h u s , t h e f i n a l r e g r e s s i o n e q u a t i o n w i l l b e t h e s u m o f o n e o r m o r e 
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s t r a i g h t l i n e e q u a t i o n s . 
4 . Correlation—This i s a s t a t i s t i c a l m e a s u r e o f h o w w e l l a 
r e g r e s s i o n e q u a t i o n " e x p l a i n s " a l l t h e d a t a p o i n t s ; b a s i c a l l y , t h e r e i s 
a c o m p a r i s o n o f t h e c o m p u t e d d e p e n d e n t v a r i a b l e u s i n g t h e o b s e r v e d 
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P H CD Q 
I n d e p e n d e n t V a r i a b l e 
D a t a P o i n t P l o t 
r e g r e s s i o n c o n s t a n t 
A X 
r e g r e s s i o n c o e f f i c i e n t , 
A Y 
s l o p e = — . 
I n d e p e n d e n t V a r i a b l e X 
" B e s t - F i t " R e g r e s s i o n L i n e 
F i g u r e 2 . T y p i c a l R e g r e s s i o n D i a g r a m 
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v a l u e s o f t h e d e p e n d e n t v a r i a b l e t o t h e o b s e r v e d d a t a t o d e t e r m i n e h o w 
w e l l t h e m o d e l s i m u l a t e s t h e o b s e r v e d c o n d i t i o n . I d e a l l y , t h e c o r r e l a ­
t i o n c o e f f i c i e n t w o u l d b e 1 . 0 0 , t h o u g h t h i s i s r a r e l y a c h i e v e d ; t h u s 
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t h e c o r r e l a t i o n c o e f f i c i e n t s h o u l d b e a s c l o s e t o 1 . 0 0 a s p o s s i b l e . 
A m o r e d e t a i l e d d i s c u s s i o n o f t h e t h e o r y o f e a c h o f t h e 
t e c h n i q u e s m a y b e f o u n d i n m o s t s t a t i s t i c a l t e x t s , s u c h a s Engineering 
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Statistics. 
B e c a u s e o f t h e a p p a r e n t s i m p l i c i t y o f t h e r e g r e s s i o n a n a l y s i s 
t e c h n i q u e a n d t h e s p e e d i n e q u a t i o n d e v e l o p m e n t u s i n g t h e c o m p u t e r , a 
s t a t i s t i c a l l y p e r f e c t b u t m e a n i n g l e s s t r a n s i t u s e e s t i m a t i n g p r o c e d u r e 
m a y b e d e v e l o p e d . T h u s , t h e n e e d f o r t h e p r o f e s s i o n a l j u d g m e n t o f a 
t r a n s p o r t a t i o n p l a n n e r , m o s t c o n v e r s a n t w i t h t r a n s i t u s e , c a n n o t b e 
o v e r - e m p h a s i z e d i n t h e t r a n s p o r t a t i o n p l a n n i n g p r o c e s s . F o r a n e s t i ­
m a t i n g p r o c e d u r e t o b e " g o o d , " i t m u s t m e e t t h e s t a t i s t i c a l c r i t e r i a 
e s t a b l i s h e d a t t h e b e g i n n i n g o f t h e t r a n s p o r t a t i o n p l a n n i n g s t u d y a n d 
a l l i n d e p e n d e n t v a r i a b l e s m u s t h a v e a l o g i c a l a n d c o n s i s t e n t r e l a t i o n 
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t o t h e d e p e n d e n t v a r i a b l e ; i . e . , t h e d e c r e a s e i n v a c a n t l a n d m a y 
r e l a t e w e l l w i t h t r a n s i t u s e , b u t t h e d e v e l o p m e n t o f t h i s v a c a n t l a n d 
f o r s i n g l e - f a m i l y r e s i d e n c e s w o u l d h a v e a d e c i d e d l y d i f f e r e n t e f f e c t o n 
t r a n s i t u s e t h a n t h e d e v e l o p m e n t o f t h i s l a n d f o r a n a p a r t m e n t c o m p l e x . 
R e g r e s s i o n a n a l y s i s h a s t h e a d v a n t a g e o f s p e e d o f d e v e l o p m e n t o f 
t h e f i n a l m o d e l b e c a u s e o f t h e w i d e s p r e a d a v a i l a b i l i t y o f c o m p u t e r 
p r o g r a m s f o r i t s u s e . T h i s m e t h o d h a s a d i s a d v a n t a g e a s i t " f r e e z e s , " 
o r h o l d s c o n s t a n t , t h e r a t e s o f t r a n s i t u s e r e g a r d l e s s o f t h e t y p e o f f u t u r e t r a n s i t f a c i l i t y t o b e u s e d . T h i s d i s a d v a n t a g e c a n b e r e d u c e d 
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by using similar transit use data from metropolitan areas already having 
the type of transit facility that is planned to modify the transit use 
models developed using the data from the planning area. 
Direct Generation of Transit Trips 
Direct generation of transit trips is an accepted tool for 
estimating transit in small metropolitan areas with a low rate of 
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transit use, but has not been widely used in transportation planning 
studies; thus, little is available which documents this method. 
Direct generation is limited because it assumes that transit 
use and automobile use have no relationship to each other; and there­
fore have no effect on the use of the other. Such an assumption is 
not realistic and, therefore, should not be made unless mass transit 
is not presently available in the study area. This approach also helps 
to insure that the present auto-dominant systems will remain auto-
dominant in the future. However, direct generation will aid in pointing 
out deficiencies in the present mass transportation facility which will 
be useful in formulating a short-range program of improvement for that 
facility, which is an important part of the transit plan in the small 
metropolitan areas. 
An example of the use of regression analysis direct generation 
is the home-based work production equation developed for Savannah, 
Georgia: 
Y = -26.83 - 0.157X + 0.77X 2, 
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w h e r e Y i s t h e n u m b e r o f t r a n s i t t r i p s . 
i s t h e a u t o m o b i l e r e g i s t r a t i o n . 
X ^ i s p o p u l a t i o n . 
T h e s t a t i s t i c a l m e a s u r e s u s e d d i d n o t i n d i c a t e t h a t t h i s w a s a " g o o d " 
e q u a t i o n , b u t t h i s i n d i c a t e s t h e p r o b l e m o f d e v e l o p i n g a m o d e l i n a r e a s 
o f v e r y l o w t r a n s i t u s e . I t i s h a r d t o o b t a i n a " g o o d " s a m p l e o f t r a n s i t 
u s e u s i n g s a m p l i n g r a t e s t h a t w o u l d p r o d u c e a " g o o d " s a m p l e o f a u t o m o b i l e 
u s e d a t a . 
A m o d i f i e d , b u t j u s t a s u n r e a l i s t i c , f o r m o f d i r e c t g e n e r a t i o n 
w a s u s e d i n t h e D e t r o i t M e t r o p o l i t a n A r e a T r a f f i c S t u d y i n t h a t i t w a s 
a s s u m e d t h a t t r a n s i t u s e w o u l d r e m a i n a t t h e s a m e r a t i o o f t o t a l t r i p s 
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i n t h e f u t u r e a s i n t h e b a s e y e a r . 
T r i p - E n d M o d a l S p l i t M o d e l 
T h e m o d a l s p l i t m o d e l d e v e l o p e d i n C h i c a g o A r e a T r a n s p o r t a t i o n 
S t u d y w a s t h e f i r s t s u c h m o d e l d e v e l o p e d u s i n g r e g r e s s i o n a n a l y s i s . 
T h o u g h t h i s p a r t i c u l a r m o d e l i s n o t a s d e s i r a b l e a s s o m e o f t h e n e w e r 
r e g r e s s i o n m o d e l s b e c a u s e o f i t s s p e c i a l i z e d u n i t s f o r l a n d u s e i n p u t , 
t h e u s e o f o n l y t r i p m a k e r c h a r a c t e r i s t i c s , a n d t h e u s e o f a u t o m o b i l e 
o w n e r s h i p i n s t e a d o f a u t o m o b i l e a v a i l a b i l i t y , t h e m e t h o d o l o g y i s s t i l l 
v a l i d , a n d r e g r e s s i o n a n a l y s i s i s c u r r e n t l y b e i n g u s e d i n t r a n s p o r t a t i o n 
s t u d i e s . 
P a r t i a l c o r r e l a t i o n a n a l y s i s w a s u s e d o n a l l t h e v a r i a b l e s c o n ­
s i d e r e d t o a f f e c t t r a n s i t u s e , t h e C A T S t r a n s p o r t a t i o n p l a n n i n g s t a f f 
s e l e c t e d t h e t w o v a r i a b l e s , n e t r e s i d e n t i a l d e n s i t y a n d a u t o m o b i l e 
o w n e r s h i p , f o r t h e i r m o d a l s p l i t m o d e l ; a s t h e s e t w o v a r i a b l e s w e r e 
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m o s t r e l a t e d t o t r a n s i t u s e a n d l e a s t i n t e r r e l a t e d . B o t h o f t h e s e 
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v a r i a b l e s w e r e c h a r a c t e r i s t i c o f t h e o r i g i n e n d o f t h e t r i p . A f t e r 
r e g r e s s i o n , t h e f i n a l t r a n s i t u s e e s t i m a t i n g e q u a t i o n w a s : 
Y = 1 9 . 7 7 3 1 + 0 . 0 6 1 0 X „ - 0 . 0 3 6 5 X o , 
/ o 
w h e r e Y w a s t h e r a t i o i n p e r c e n t o f m a s s t r a n s i t t r i p s t o t o t a l t r i p s . 
X _ w a s t h e n e t r e s i d e n t i a l d e n s i t y , p e r s o n s p e r 1 0 0 , 0 0 0 s q u a r e f e e t . X w a s c a r o w n e r s h i p , c a r s p e r 1 , 0 0 0 p e r s o n s , o T h e c o r r e l a t i o n c o e f f i c i e n t o f t h i s t r a n s i t - u s e e s t i m a t i n g p r o c e d u r e w a s 
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0 . 8 6 . T h i s c o e f f i c i e n t w a s c a l c u l a t e d a f t e r t h e e q u a t i o n w a s d e v e l ­
o p e d b y u s i n g t h e o b s e r v e d v a l u e s o f n e t r e s i d e n t i a l d e n s i t y a n d a u t o ­
m o b i l e o w n e r s h i p t o d e t e r m i n e t h e p e r c e n t o f t r a n s i t u s e a n d c o m p a r i n g 
i t t o t h e o b s e r v e d p e r c e n t o f t r a n s i t u s e ; h e r e , t h e c a l c u l a t e d a n d 
o b s e r v e d t r a n s i t u s e v a l u e s d i f f e r e d b y 1 4 p e r c e n t . F o r e x a m p l e , i n 
t h e b a s e - y e a r , C h i c a g o a r e a t r a n s i t u s e a m o u n t e d t o 2 5 p e r c e n t o f t h e 
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t o t a l t r i p s m a d e ; t h e r e f o r e , t h e m o d e l m a y h a v e e s t i m a t e d t h a t e i t h e r 
2 1 . 5 p e r c e n t o r 2 8 . 5 p e r c e n t o f t h e t o t a l t r i p s w e r e m a d e b y t r a n s i t . 
T r i p - I n t e r c h a n g e M o d a l S p l i t M o d e l 
T h e T w i n C i t i e s J o i n t A r e a P r o g r a m u s e d r e g r e s s i o n a n a l y s i s t o 
d e v e l o p a t r i p - i n t e r c h a n g e m o d a l s p l i t m o d e l ; t h i s m o d e l d i f f e r s f r o m 
t h e t r i p - e n d m o d e l i n t h a t t h e c h a r a c t e r i s t i c s o f b o t h t h e o r i g i n a n d 
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d e s t i n a t i o n e n d s o f a t r i p a r e u s e d i n t h e a n a l y s i s p r o c e s s . T h i s 
t y p e o f m o d e l i s m o r e f l e x i b l e t h a n t h e t r i p - e n d m o d e l a s i t a l l o w s t h e c a l c u l a t e d p e r c e n t o f t r a n s i t u s e t o v a r y a s c o n d i t i o n s a t e i t h e r e n d 
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o f t h e t r i p c h a n g e ; h o w e v e r , t h i s m o d e l r e q u i r e s m o r e b a s e d a t a t o 
i n s u r e t h a t a s t a t i s t i c a l l y s i g n i f i c a n t a m o u n t o f d a t a i s a v a i l a b l e 
a b o u t b o t h t r i p e n d s . 
T h e t r a n s p o r t a t i o n p l a n n i n g s t a f f o f t h e T C A J P s e l e c t e d n i n e 
v a r i a b l e s w h i c h t h e y c o n s i d e r e d t o b e m o s t s i g n i f i c a n t i n i n f l u e n c i n g 
a t r i p m a k e r t o c h o o s e b e t w e e n t r a n s i t o r h i s a u t o m o b i l e ; t h e s e i n c l u d e d 
o n e s y s t e m c h a r a c t e r i s t i c a n d f o u r c h a r a c t e r i s t i c s o f b o t h t h e o r i g i n 
a n d d e s t i n a t i o n z o n e o f t h e t r i p . 
X ^ - A r a t i o o f t o t a l t r a v e l t i m e b e t w e e n t h e o r i g i n z o n e , " i , " a n d 
t h e d e s t i n a t i o n z o n e , " j , " b y t r a n s i t ( r i d i n g t i m e " i - j , " w a l k 
a n d w a i t t i m e a t " i , " w a l k t i m e a t " j , " a n d t r a n s f e r t i m e ) d i v i d e d 
b y t o t a l a u t o m o b i l e t r a v e l t i m e ( r i d i n g t i m e ' i - j , " w a l k a n d 
u n p a r k t i m e s a t " i , " a n d w a l k a n d p a r k t i m e a t " j " ) . 
X ^ - T h e m e d i a n a n n u a l i n c o m e o f f a m i l i e s a n d u n r e l a t e d i n d i v i d u a l s i n 
d o l l a r s . 
X g - T h e r e s i d e n t i a l d e n s i t y i n h o u s i n g u n i t s p e r n e t r e s i d e n t i a l a c r e . 
X ^ - A u t o m o b i l e a v a i l a b i l i t y i n c a r s p e r h o u s i n g u n i t . 
X j _ - A c c e s s i b i l i t y t o e m p l o y m e n t , a r a t i o o f t h e n u m b e r o f e m p l o y m e n t 
o p p o r t u n i t i e s w i t h i n 1 / 4 m i l e o f a m a s s t r a n s i t f a c i l i t y d i v i d e d 
b y t h e n u m b e r o f e m p l o y m e n t o p p o r t u n i t i e s w i t h i n 1 / 4 m i l e o f a 
h i g h w a y f a c i l i t y ( t h e o n l y f a c i l i t i e s c o n s i d e r e d w e r e s h o w n o n t h e 
t r a f f i c a s s i g n m e n t n e t w o r k m a p ) . 
X c - L o n g - t e r m p a r k i n g c o s t , t h e a v e r a g e h o u r l y r a t e f o r n i n e - h o u r 
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p a r k i n g i n d o l l a r s . 
2 9 
- S h o r t t e r m p a r k i n g , t h e a v e r a g e h o u r l y r a t e f o r t h r e e - h o u r p a r k i n g 
i n d o l l a r s . 
X g - E m p l o y m e n t d e n s i t y i n e m p l o y m e n t p e r g r o s s a c r e . 
X - A c c e s s i b i l i t y t o p o p u l a t i o n , a r a t i o o f t h e p o p u l a t i o n w i t h i n 
1 / 4 m i l e o f a t r a n s i t f a c i l i t y d i v i d e d b y t h e p o p u l a t i o n w i t h i n 
1 / 4 m i l e o f a h i g h w a y f a c i l i t y ( t h e o n l y f a c i l i t i e s c o n s i d e r e d 
w e r e s h o w n o n t h e a s s i g n m e n t n e t w o r k m a p ) . 
D u r i n g t h e m o d e l d e v e l o p m e n t p h a s e , t h e s t a t i s t i c a l t e s t s e m p l o y e d i n 
t h e r e g r e s s i o n a n a l y s i s p r o g r a m i n d i c a t e d t h a t a u t o m o t i v e a v a i l a b i l i t y , 
a c c e s s i b i l i t y t o e m p l o y m e n t , a n d a c c e s s i b i l i t y p o p u l a t i o n d i d n o t h a v e 
t h e s i g n i f i c a n t e f f e c t o n t r a n s i t u s e t h a t t h e s t a f f h a d i n i t i a l l y 
t h o u g h t . 
T h e m o d e l d e v e l o p m e n t a l s o p o i n t e d u p o n e o f t h e b a s i c p r o b l e m s 
o f u s i n g a t r i p - i n t e r c h a n g e , i n s u f f i c i e n t d a t a t o d e v e l o p t h e m o d e l s o n 
a n a n a l y s i s z o n e b a s i s t o t h e d e s i r e d l e v e l o f s t a t i s t i c a l a c c u r a c y . 
T h e a r e a - w i d e s a m p l i n g r a t e o f 5 p e r c e n t y i e l d e d l e s s t h a n 2 5 0 t r i p -
i n t e r c h a n g e s , t h e l e v e l o f o b s e r v a t i o n s d e t e r m i n e d t o b e n e c e s s a r y f o r 
a s t a b l e a n d u n b i a s e d s a m p l e , t o s o m e z o n e s . B e c a u s e o f t h i s p r o b l e m 
t h e z o n e s w e r e a g g r e g a t e d u p t o d i s t r i c t s ; t h i s p r o c e d u r e r e d u c e d t h e 
n u m b e r o f a n a l y s i s a r e a s b y a p p r o x i m a t e l y o n e - t h i r d , f r o m 4 5 0 t o 1 5 3 , 
w h i l e a p p r o x i m a t e l y d o u b l i n g t h e c o r r e l a t i o n c o e f f i c i e n t s o f t h e 
e s t i m a t i n g e q u a t i o n s , f r o m 0 . 4 0 t o 0 . 8 0 f o r t h e " w o r k " t r i p e q u a t i o n a n d 
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0 . 7 9 f o r t h e " o t h e r " t r i p s e q u a t i o n . T h i s m o d i f i c a t i o n , r e d u c i n g t h e 
n u m b e r o f a n a l y s i s a r e a s , y i e l d e d t h e f o l l o w i n g t r a n s i t u s e e s t i m a t i n g 
e q u a t i o n s : 
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Y = 4 1 . 4 - 1 2 . 1 I n X n - 4 . 4 I n X 0 + 8 . 0 I n X 0 + 3 6 3 . 5 X c + 1 . 3 I n X , 
w _L z 3 6 i a n d 
Y = 2 9 . 0 - 3 . 6 I n X - 3 . 2 I n X + 2 . 4 I n X + 2 8 5 . 2 X „ 
O J_ 2. o I w h e r e Y ^ w a s t h e p e r c e n t o f t o t a l w o r k t r i p s b y t r a n s i t . 
Y Q w a s t h e p e r c e n t o f t o t a l n o n w o r k t r i p s b y t r a n s i t . 
I n i s t h e n a t u r a l l o g a r i t h m o f t h e v a r i a b l e f o l l o w i n g t h i s s y m b o l . 6 9 X , X 0 , X Q , X , X , a n d X D a r e a s e x p l a i n e d a b o v e . JL z o b / o 
C r o s s - C l a s s i f i c a t i o n 
C r o s s - C l a s s i f i c a t i o n w h i c h w a s f i r s t u s e d b y t h e P u g e t S o u n d 
R e g i o n a l T r a n s p o r t a t i o n S t u d y f o r t h e d e v e l o p m e n t o f t h e i r t r i p g e n e r a ­
t i o n m o d e l i s a p r o c e s s o f i s o l a t i n g b i t s o f d a t a w i t h i n s i m i l a r g r o u p s 
o r r a n g e s t o d e t e r m i n e t h e s t a t i s t i c w h i c h i s m o s t r e p r e s e n t a t i v e o f t h e 
g r o u p . I n t h e p a s t , t h i s m e t h o d o f a n a l y s i s h a s b e e n l a r g e l y l i m i t e d t o 
r e s e a r c h a c t i v i t i e s , b u t i t i s n o w b e i n g a p p l i e d t o t r a n s p o r t a t i o n p l a n ­
n i n g . T h i s t e c h n i q u e a l l o w s t h e t r a n s p o r t a t i o n p l a n n e r t o d e v e l o p a 
m o d e l u s i n g " r e p r e s e n t a t i v e " d a t a r a t h e r t h a n " a v e r a g e " d a t a , b e c a u s e 
l i n e a r i t y i s n o t a s s u m e d a s i t i s i n r e g r e s s i o n a n a l y s i s . T a b l e 1 s h o w s 
a t y p i c a l m u l t i - d i m e n s i o n a l m a t r i x u s e d i n c r o s s - c l a s s i f i c a t i o n , a n d 
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F i g u r e 3 , t h e t y p e o f c u r v e s w h i c h a r e g e n e r a t e d f r o m t h i s m e t h o d . 
T h e a d v a n t a g e s o f c r o s s - c l a s s i f i c a t i o n a r e f r e e d o m f r o m t h e 
a s s u m p t i o n o f l i n e a r i t y , m e n t i o n e d a b o v e ; a n d f r e e d o m f r o m b e i n g l i m i t e d 
b y t h e m a x i m u m o b s e r v a t i o n b e c a u s e t h e l a r g e s t g r o u p c o n s i d e r e d i s " o p e n 
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e n d e d " ( i . e . , t h e m a x i m u m c a t e g o r y c o n s i d e r e d w o u l d b e " X o r g r e a t e r " ) , 
a s s h o w n b y t h e m a t r i x i n T a b l e 1 . 
T a b l e 1 . T y p i c a l C r o s s - C l a s s i f i c a t i o n M a t r i x 
A v e r a g e T o t a l P e r s o n T r i p s P e r D w e l l i n g U n i t N u m b e r o f P e r s o n s P e r D w e l l i n g U n i t N u m b e r o f A u t o s O w n e d P e r D w e l l i n g U n i t 
0 1 2 3 £ O v e r W e i g h t e d A v e r a g e 
1 1 . 0 3 2 . 6 8 4 . 3 7 a - 1 . 7 2 
2 1 . 5 2 5 . 1 3 7 . 0 4 2 . 0 0 a 4 . 3 8 CO 3 . 0 8 7 . 1 6 9 . 2 6 1 0 . 4 7 7 . 4 6 
4 3 . 1 6 7 . 9 8 1 1 . 5 6 1 2 . 7 5 9 . 1 0 
5 3 . 4 6 a 8 . 5 4 1 2 . 3 6 1 7 . 7 3 a 1 0 . 1 6 
6 - 7 7 . 1 i a 9 . 8 2 9 . 6 1 1 6 . 7 7 a 1 1 . 0 0 
8 £ O v e r 7 . 0 0 a 9 . 6 5 6 . 1 8 n.ooa 1 2 . 2 4 
W e i g h t e d A v e r a g e 1 . 6 0 6 . 6 2 1 0 . 5 3 1 3 . 6 8 6 . 5 8 
A v e r a g e b a s e d o n f e w e r t h a n 2 5 s a m p l e s . 
W h i l e t h e m e c h a n i c s o f t h i s m e t h o d a r e r e l a t i v e l y s i m p l e , i s o l a t i n g d a t a 
i n t o p r e d e t e r m i n e d c a t e g o r i e s o r s t r a t a c a n r e s u l t i n u n w a n t e d b i a s ; 
t h e r e f o r e , t h e t r a n s p o r t a t i o n p l a n n e r m u s t s e l e c t e a c h s t r a t a c a r e f u l l y 
i n o r d e r t h a t e a c h w i l l b e m e a n i n g f u l , r e p r e s e n t a t i v e o f o b s e r v e d c o n d i ­
t i o n s , a n d t h e d a t a e a s i l y f o r e c a s t s o t h a t i t w i l l h a v e t h e s a m e m e a n ­
i n g i n t h e f o r e c a s t y e a r a s i t d o e s i n t h e b a s e y e a r . T h e m a j o r d i s a d ­
v a n t a g e o f t h i s m e t h o d i s t h a t i t h a s n o t b e e n w i d e l y u s e d i n 
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F i g u r e 3 . T y p i c a l C r o s s - C l a s s i f i c a t i o n C u r v e 
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t r a n s p o r t a t i o n p l a n n i n g ; t h u s , t h e p r o g r a m b a t t e r i e s n e e d e d f o r c o m p u t e r 
a p p l i c a t i o n o f t h i s t e c h n i q u e a r e n o t a s r e a d i l y a v a i l a b l e a s a r e p r o ­
g r a m s f o r r e g r e s s i o n a n a l y s i s . A n o t h e r d i s a d v a n t a g e o f t h i s m e t h o d i s 
t h a t a s t h e n u m b e r o f s t r a t i f i c a t i o n s i n c r e a s e s , t h e s a m p l e m u s t 
i n c r e a s e ; a n d e v e n t h e n , s o m e o f t h e d a t a c e l l s i n t h e m a t r i x w i l l c o n ­
t a i n a n i n s u f f i c i e n t n u m b e r o f o b s e r v a t i o n s t o b e a s t a t i s t i c a l l y v a l i d 
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i n p u t i n t o t r a n s i t e s t i m a t i n g p r o c e d u r e . A t h i r d d i s a d v a n t a g e o f 
c r o s s - c l a s s i f i c a t i o n i s t h a t i t " f r e e z e s " o r h o l d s t h e a n a l y s i s a r e a 
t r a n s i t u s e c o n s t a n t r e g a r d l e s s o f t h e t y p e o f t r a n s i t s y s t e m u s e d ; h o w ­
e v e r , t h i s l i m i t a t i o n i s n e g a t e d b y t h e a s s u m p t i o n m a d e a t t h e b e g i n n i n g 
o f t r a n s p o r t a t i o n p l a n n i n g s t u d i e s , t h a t f u t u r e t r i p s w i l l b e i n f l u e n c e d 
b y t h e s a m e f a c t o r s t h a t i n f l u e n c e t r i p s i n t h e b a s e - y e a r . 
D i r e c t - G e n e r a t i o n o f T r a n s i t T r i p s 
A l t h o u g h c r o s s - c l a s s i f i c a t i o n i s n o t p r e s e n t l y u s e d f o r d i r e c t 
g e n e r a t i o n o f t r a n s i t t r i p s , i t c o u l d b e u s e d f o r t h i s m e t h o d o f t r a n s i t -
u s e e s t i m a t i o n i n s m a l l u r b a n a r e a s h a v i n g a l o w r a t e o f t r a n s i t u s e . 
T h i s i s d u e t o t h e s i m p l i c i t y t h a t o f t h i s m e t h o d w h i c h a l l o w s i t t o b e 
d o n e " b y h a n d , " t h e t r a n s i t f a c i l i t y i n t h e s m a l l e r u r b a n a r e a s w i l l b e 
p r i m a r i l y b u s o p e r a t i n g i n " m i x e d " t r a f f i c , o r u s i n g h i g h w a y f a c i l i t i e s 
j o i n t l y w i t h a u t o m o b i l e , w h i c h g e n e r a l l y w i l l n o t c h a n g e d u r i n g t h e 
f o r e c a s t p e r i o d , a n d i n a r e a s w h e r e n o b u s f a c i l i t y p r e s e n t l y e x i s t s , 
t h e t r a n s i t u s e d a t a f r o m a c i t y o f s i m i l a r s i z e a n d c h a r a c t e r i s t i c s 
c a n b e u s e d f o r t h e f o r e c a s t o f f u t u r e t r a n s i t u s e . 
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T r i p - E n d M o d a l S p l i t M o d e l 
T h e t r i p - e n d m o d a l s p l i t m o d e l d e v e l o p e d i n t h e P u g e t S o u n d 
R e g i o n a l T r a n s p o r t a t i o n S t u d y , a l t h o u g h a m o d i f i e d f o r m o f c r o s s -
c l a s s i f i c a t i o n i n d i c a t e s q u i t e w e l l h o w t h i s m e t h o d i s u s e d f o r 
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e s t i m a t i n g t r a n s i t u s e . C r o s s - c l a s s i f i c a t i o n w a s u s e d i n t h e b e g i n ­
n i n g s t a g e s o f t h e e s t i m a t i n g p r o c e d u r e d e v e l o p m e n t s u m m a r i z i n g t h e 
o b s e r v e d t r a n s i t u s e d a t a b y p u r p o s e a n d i n c o m e t o p r e p a r e f o u r s m o o t h -
c u r v e t r a n s i t - u s e g r a p h s h a v i n g t h r e e c u r v e s e a c h i n d i c a t i n g i n c o m e 
l e v e l p l o t t e d a g a i n s t a n a c c e s s i b i l i t y r a t i o . W h e n t h e c u r v e s w e r e 
t e s t e d t o d e t e r m i n e i f t h e y s u b s t a n t i a l l y r e p r o d u c e d t h e b a s e - y e a r 
t r a n s i t u s e o b s e r v a t i o n s , i t w a s f o u n d t h a t t h e y u n d e r e s t i m a t e d t r a n s i t 
u s e i n t h e d e n s e C B D a r e a a n d g r e a t l y o v e r e s t i m a t e d t r a n s i t u s e i n l e s s 
d e n s e s u b u r b a n a r e a s . I n o r d e r t o r e m e d y t h i s g e o g r a p h i c b i a s , t h e 
P S R T S s t a f f e l e c t e d t o d e v e l o p a s e c o n d c r o s s - c l a s s i f i c a t i o n m a t r i x 
c o r r e l a t i n g t h e o v e r a n d u n d e r e s t i m a t i o n o f t r a n s i t u s e t o t h e s a m e 
t h r e e i n c o m e c l a s s e s a n d f o u r t r i p p u r p o s e s u s e d t o p r e p a r e t h e c u r v e s 
p l u s t h r e e l e v e l s o f a u t o m o b i l e o w n e r s h i p a n d t e n l e v e l s o f p o p u l a t i o n 
d e n s i t y . F r o m t h i s s e c o n d m a t r i x , 3 6 0 c o r r e c t i o n f a c t o r s w e r e d e v e l o p e d 
7 3 
f o r t h e 6 2 4 a n a l y s i s a r e a s i n t h e r e g i o n . T h e a d j u s t e d t r a n s i t u s e 
r a t e w a s t h e n d e v e l o p e d b y m u l t i p l y i n g t h e p e r c e n t o f t r a n s i t u s e 
o b t a i n e d f r o m t h e t r a n s i t u s e e s t i m a t i n g c u r v e s b y a c o r r e c t i o n f a c t o r 
f r o m t h e s e c o n d c r o s s - c l a s s i f i c a t i o n m a t r i x . 
I n t h e P S R T S m o d a l s p l i t d e v e l o p m e n t , a s i n a l l a p p l i c a t i o n s o f 
c r o s s - c l a s s i f i c a t i o n , t h e m a t h e m a t i c a l o p e r a t i o n s o f a n a l y s i s a n d f o r e ­
c a s t i n g a r e s e c o n d a r y t o t h e j u d g m e n t t h e t r a n s p o r t a t i o n p l a n n e r u s e s t o 
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d e t e r m i n e t h e r a n g e s o f e a c h " d a t a c e l l , " t h i s b e i n g t h e k e y t o t h e 
e f f e c t i v e u s e o f t h i s m o d e l i n g t e c h n i q u e . T h e f o u r t r i p p u r p o s e s , 
( 1 ) h o m e - b a s e d w o r k , ( 2 ) h o m e - b a s e d s h o p p i n g , ( 3 ) h o m e - b a s e d s o c i a l -
r e c r e a t i o n , a n d ( 4 ) h o m e - b a s e d m i s c e l l a n e o u s , w e r e s e l e c t e d b e c a u s e t h e 
s t a f f c o n s i d e r e d t h e m t h e m o s t s i g n i f i c a n t c o m p o n e n t s o f t h e t r a v e l i n 
P u g e t S o u n d . T h e t h r e e i n c o m e r a n g e s ( 1 ) l o w — u n d e r $ 4 , 5 0 0 p e r y e a r , 
( 2 ) M e d i u m - - $ 4 , 5 0 0 t o $ 6 , 0 0 0 p e r y e a r , a n d ( 3 ) h i g h - - $ 6 , 0 0 0 p e r y e a r 
a n d o v e r , w e r e u s e d b e c a u s e a t r a n s i t i o n f r o m n o - c a r t o o n e - c a r t o 
m u l t i - c a r h o u s e h o l d s w e r e n o t e d a t t h e s e i n c o m e l e v e l s . T h r e e a u t o m o b i l e 
o w n e r s h i p l e v e l s , ( l ) l o w - - u n d e r 0 . 8 0 a u t o s p e r h o u s e h o l d , ( 2 ) m e d i u m - -
0 . 8 0 t o 1 . 2 0 a u t o s p e r h o u s e h o l d , a n d ( 3 ) h i g h - - 1 . 2 0 a u t o s p e r h o u s e h o l d 
a n d o v e r , w e r e s e l e c t e d b e c a u s e a t t h e s e l e v e l s t h e r e w e r e s i g n i f i c a n t 
c h a n g e s i n t r a n s i t u s e p a t t e r n s , d e c r e a s i n g a s a u t o m o b i l e o w n e r s h i p 
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i n c r e a s e d . T h e s a m e r e a s o n i n g b a s e d u p o n s i g n i f i c a n t c h a n g e s i n 
t r a n s i t u s e p a t t e r n s w a s t h e b a s i s f o r s e l e c t i n g t h e t e n l e v e l s o f n e t 
r e s i d e n t i a l d e n s i t y e x p r e s s e d i n p e r s o n s p e r r e s i d e n t i a l a c r e , ( l ) 0 - 1 5 , 
( 2 ) 1 6 - 1 9 , ( 3 ) 2 0 - 2 2 , ( 4 ) 2 3 - 2 6 , ( 5 ) 2 7 - 3 0 , ( 6 ) 3 1 - 3 7 , ( 7 ) 3 8 - 4 5 , ( 8 ) 
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4 6 - 5 9 , ( 9 ) 6 0 - 8 0 , a n d ( 1 0 ) 8 1 - 9 9 . 
B e c a u s e t h e s e l e c t i o n o f r a n g e s i s s u b j e c t i v e a n d t r a n s p o r t a t i o n 
p l a n n e r s m a y n o t a g r e e i n t h i s s e l e c t i o n , i t i s m o r e i m p o r t a n t t o d o c u ­
m e n t h o w t h e r a n g e s w e r e s e l e c t e d t h a n t o g i v e t h e l i m i t i n g v a l u e s o f 
e a c h r a n g e . 
D a t a - F i t t i n g 
T h e t e c h n i q u e o f d a t a - f i t t i n g i s r e l a t i v e l y e a s y a s i t o n l y 
r e q u i r e s t h e u s e r t o r e l a t e a d e p e n d e n t v a r i a b l e t o o n e o r t w o 
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i n d e p e n d e n t v a r i a b l e s d e p e n d i n g u p o n w h e t h e r h e d e s i r e s t o d e v e l o p a 
c u r v e o r a s u r f a c e f o r t r a n s i t u s e e s t i m a t i o n . F o r s i m p l i c i t y , a c u r v e 
w i l l b e u s e d f o r i l l u s t r a t i v e p u r p o s e s . F i g u r e 4 s h o w s a c u r v e w h i c h 
r e l a t e s a d e p e n d e n t v a r i a b l e , t r a n s i t u s e a s a p e r c e n t o f t o t a l t r i p s , 
i s p l o t t e d a g a i n s t a n i n d e p e n d e n t v a r i a b l e , t h e t r a v e l t i m e r a t i o b y 
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t r a n s i t t o a u t o m o b i l e t r a v e l t i m e . 
T h e a d v a n t a g e s o f u s i n g a d a t a - f i t t i n g t e c h n i q u e a r e : 
1 . I t i s r e l a t i v e l y e a s y t o u n d e r s t a n d a n d u s e . 
2 . I t h a s b e e n u s e d i n s e v e r a l t r a n s p o r t a t i o n p l a n n i n g s t u d i e s , 
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s o t h e d o c u m e n t a t i o n o f t h e m e c h a n i c s o f t h i s t e c h n i q u e a r e a v a i l a b l e . 
3 . N o f o r e c a s t e d d a t a c a n e x c e e d t h e v a l i d i t y o f t h e p r e d i c t i v e 
e l e m e n t , a c u r v e o r a s u r f a c e . 
D a t a - f i t t i n g h a s m a n y o f t h e d i s a d v a n t a g e s o f b o t h r e g r e s s i o n a n a l y s i s 
a n d c r o s s - c l a s s i f i c a t i o n , t h e s e a r e : 
1 . A s t h e u s e r w i l l g e n e r a l l y t a k e a " b e s t f i t " a p p r o a c h t o 
p r e p a r i n g t h e p r e d i c t i v e e l e m e n t , h e w i l l t e n d t o " m a s k " a n y u n u s u a l 
c o n d i t i o n s w h i c h m a y b e p e c u l i a r t o t h e a r e a . 
2 . C a r e m u s t b e e x e r c i s e d i n t h e s e l e c t i o n o f t h e i n d e p e n d e n t 
v a r i a b l e s , s u c h t h a t t h e y a r e l o g i c a l , s t a b l e , a n d e a s i l y f o r e c a s t . 
T o o v e r c o m e s o m e o f t h e d i s a d v a n t a g e s o f t h i s m e t h o d , t h e t r a n s p o r t a t i o n 
p l a n n e r s u s i n g i t h a v e m o d i f i e d i t a s d i s c u s s e d i n t h e f o l l o w i n g p a r a ­
g r a p h s . 
Figure 4. Typical Transit Use Curve 
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Transit Use Curves 
Transit use curves developed during the development of a transit 
use estimating procedure have generally been used in trip-interchange 
modal split models. The curves developed, to date, have been based on 
both an areal aggregate approach, where a curve or family of curves is 
developed to represent the modal split throughout the area, or a zonal 
aggregate approach, where many curves are developed on an area-wide 
basis but only the curve which "best" represents the modal split within 
an analysis zone is used in the forecasting phase to estimate future 
transit use. 
Areal Aggregate Curves. The use of an areal aggregate curve 
grew from the classic transportation planning tool, the "diversion 
curve." The transportation planners adopted the "diversion curve" 
approach because the theory appeared sound as: 
1. It recognized travel time as a determinant in the use of one 
transportation facility over another. 
2. It gave the person planning a facility a good estimate of the 
volume of traffic which would be diverted to the new facility which 
would operate at a higher speed requiring less travel time than the 
77 
older, slower facility when both serve the same destinations. 
However, a major limiting factor of the diversion curve was overlooked 
as it was developed for highway--major thoroughfare planning where the 
mode of travel was the same, by automobile, not the bi-modal transporta­
tion planning for which it was to be used. Because of this limitation, 
the areal aggregate curve was abandoned for modal split work in the 
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C h i c a g o A r e a T r a n s p o r t a t i o n S t u d y . T h e e x a m p l e o f a n a r e a l a g g r e g a t e 
c u r v e s h o w n i n F i g u r e 4 w a s t h e c u r v e d e v e l o p e d p r i o r t o C A T S b y t h e 
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C o o k C o u n t y H i g h w a y D e p a r t m e n t t o e s t i m a t e t r a n s i t u s e . 
W h e n t h e S a n F r a n c i s c o B a y A r e a R a p i d T r a n s i t S t u d y w a s b e g u n , 
t h e t r a n s p o r t a t i o n p l a n n i n g s t a f f d e c i d e d t o t a k e a n o t h e r l o o k a t t h e 
d i v e r s i o n c u r v e t h e o r y . A f t e r s t u d y i n g e a r l i e r w o r k i n t h i s a r e a , i t 
w a s d e c i d e d t h a t t h e a p p r o a c h w a s s o u n d a n d o n l y r e q u i r e d a d d i t i o n a l 
f i e l d s a m p l e s t o b e p r o v e n v a l i d . I t w a s t h e n d e t e r m i n e d t o t a k e a b o u t 
1 5 , 0 0 0 a u t o m o b i l e a n d t r a n s i t i n t e r v i e w s t o d e t e r m i n e w h a t i n f l u e n c e d a 
p e r s o n t o d e c i d e b e t w e e n m a s s t r a n s p o r t a t i o n a n d a n a u t o m o b i l e a s a 
w a y o f m a k i n g h i s t r i p . T h i s s a m p l e r e p r e s e n t e d a b o u t 7 . 5 p e r c e n t o f 
t h e a v e r a g e d a i l y v o l u m e o f t r i p s t h r o u g h t h e P e n i n s u l a r c o r r i d o r . F r o m 
t h e i n t e r v i e w d a t a , t e n m a j o r c a t e g o r i e s , s o m e h a v i n g s e v e r a l s u b c a t e ­
g o r i e s , o f t r i p s w e r e t e s t e d a g a i n s t s e v e n m e a s u r e s o f h i g h w a y - t r a n s i t 
t r i p c o m p a r i s o n s a n d 1 1 3 p r e l i m i n a r y t r a n s i t u s e c u r v e s w e r e d e v e l o p e d 
h a v i n g s t a t i s t i c a l l y v a l i d t r i p v o l u m e s . S e v e r a l s t a t i s t i c a l c h e c k s 
w e r e e m p l o y e d t o r e d u c e t h i s n u m b e r o f c u r v e s t o 1 7 w h i c h w e r e f u r t h e r 
r e f i n e d b y c o m p a r i s o n t o " k n o w n " c u r v e e q u a t i o n s i n o r d e r t o s m o o t h t h e m 
o u t . A f t e r f u r t h e r c u r v e c o n s o l i d a t i o n a n d c o m p a r i s o n s w i t h c u r v e s 
d e v e l o p e d w i t h d a t a f r o m o t h e r s t u d y a r e a s , s i x c u r v e s w e r e s e l e c t e d 
f o r u s e i n e s t i m a t i n g f u t u r e t r a n s i t u s e i n t h e B a y A r e a ; t h e s e c u r v e s 
e s t i m a t e d t h e p e r c e n t o f t o t a l t r i p s b y t r a n s i t k n o w i n g t h e t r a v e l 
t i m e r a t i o , t r a n s i t t o h i g h w a y , b e t w e e n a n y t w o z o n e s . T w o o f t h e 
c u r v e s w e r e f o r a p p l i c a t i o n i n t h e i n t e r n a l a r e a , S a n F r a n c i s c o a n d 
E a s t B a y , f o r C B D a n d n o n - C B D t r i p s ; a n d t h e r e m a i n i n g f o u r c u r v e s w e r e 
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a p p l i c a b l e t o t h e r e g i o n o u t s i d e o f t h e i n t e r n a l a r e a f o r C B D a n d n o n -
C B D , p e a k p e r i o d , p e a k d i r e c t i o n w o r k t r i p s a n d C B D a n d n o n - C B D , a l l 
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o t h e r t r i p s . 
Z o n a l A g g r e g a t e C u r v e s . T h e z o n a l a g g r e g a t e c u r v e s u s e d i n t h e 
e a r l y t r a n s p o r t a t i o n s t u d y f o r t h e W a s h i n g t o n , D . C . , a r e a b y t h e N a t i o n a l 
C a p i t a l T r a n s p o r t a t i o n A g e n c y w e r e s i m i l a r t o t h e c u r v e s d e v e l o p e d d u r i n g 
t h e m o d a l s p l i t a n a l y s i s o f t h e M e t r o p o l i t a n T o r o n t o T r a n s p o r t a t i o n S t u d y 
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s i x y e a r s e a r l i e r . T h e s e z o n a l a g g r e g a t e c u r v e s w e r e h y b r i d s o f t h e 
a r e a l a g g r e g a t e c u r v e a p p r o a c h s i n c e t h e y w e r e d e v e l o p e d u s i n g a r e a - w i d e 
d a t a , b u t o n l y t h e c u r v e w h i c h " b e s t " r e p r o d u c e d t h e b a s e - y e a r m o d a l 
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s p l i t i n a z o n e w a s u s e d i n e s t i m a t i n g t h e f u t u r e t r a n s i t u s e . 
B a s e d o n t h e i r a n a l y s i s o f t h e 0 - D d a t a , t h e N C T A s t a f f d e t e r ­
m i n e d t h a t t h e g r e a t e s t t r a n s i t u s e w a s d u r i n g t h e m o r n i n g " p e a k h o u r " ; 
82 
t h u s , t h e m a j o r t r i p p u r p o s e s w e r e w o r k a n d n o n - w o r k . T h i s d e c i s i o n 
t o d e v e l o p a n " A M " p e a k m o d e l w a s n o t t o t a l l y i n d e p e n d e n t a s t h e N a t i o n a l 
C a p i t a l T r a n s p o r t a t i o n A g e n c y h a d b e e n e s t a b l i s h e d t o d e t e r m i n e t h e 
f e a s i b i l i t y a n d t h e t y p e o f m a s s t r a n s p o r t a t i o n s y s t e m t o r e c o m m e n d f o r 
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t h e W a s h i n g t o n a r e a a n d j u s t i f i c a t i o n f o r a m a s s t r a n s i t s y s t e m c a n 
b e s t b e d e t e r m i n e d d u r i n g a " p e a k " p e r i o d o f t r i p s t o t h e s a m e g e n e r a l 
l o c a t i o n s , s u c h a s w o r k t r i p s t o t h e m a n y o f f i c e c o m p l e x e s i n d o w n t o w n 
W a s h i n g t o n ; h o w e v e r , t h i s b i a s d o e s n o t d e t r a c t f r o m t h e v a l i d i t y o f 
t h i s m o d a l s p l i t a p p r o a c h . N e x t , t h e s t a f f c o n s i d e r e d s e v e r a l f a c t o r s 
w h i c h i n f l u e n c e d t h e u s e o f t r a n s i t ; b u t a s s e v e r a l o f t h e s e f a c t o r s 
w e r e f o u n d t o b e l i n e a r l y d e p e n d e n t w i t h o n e o r m o r e o t h e r v a r i a b l e s 
u n d e r c o n s i d e r a t i o n , t h e y w e r e n o l o n g e r c o n s i d e r e d . T h e f i n a l l i s t o f 
4 1 
f a c t o r s c o n s i d e r e d , i n a d d i t i o n t o t r i p p u r p o s e , i n c l u d e d : 
1 . T h e r e l a t i v e t r a v e l t i m e r a t i o o f t r a n s i t t o h i g h w a y t r a v e l 
t i m e . 
2 . A r a t i o o f r e l a t i v e t r a v e l c o s t w h i c h w a s a c o m p a r i s o n o f 
" o u t - o f - p o c k e t c o s t s , " b y t r a n s i t t o t h o s e b y a u t o m o b i l e . 
3 . A l e v e l o f s e r v i c e r a t i o w h i c h w a s a c o m p a r i s o n o f e x c e s s 
t r a v e l t i m e b y t r a n s i t t o t h a t b y a u t o m o b i l e , e x c e s s t r a v e l t i m e b e i n g 
d e f i n e d a s t h a t t i m e n e c e s s a r y t o a t r i p b u t s p e n t o u t s i d e o f t h e 
v e h i c l e w h i l e e n r o u t e . 
4 . T h e e c o n o m i c s t a t u s o f t h e t r i p m a k e r a s e s t a b l i s h e d b y t h e 
a v e r a g e i n c o m e o f f a m i l i e s a n d u n r e l a t e d i n d i v i d u a l s . 
I n a d d i t i o n t o t h e t w o t r i p p u r p o s e s , t h e o t h e r f a c t o r s w e r e f u r t h e r 
s t r a t i f i e d a s i t h a d b e e n d e t e r m i n e d i n t h e T o r o n t o s t u d y t h a t s u c h 
s t r a t i f i c a t i o n s w e r e n e c e s s a r y f o r f o r e c a s t i n g ; t h e s e s t r a t i f i c a t i o n s 
w e r e : 
1 . Cost Ratio 0 t o 1 . 0 1 . 0 t o 1 . 5 1 . 5 t o 2 . 5 2 . 5 a n d o v e r . 
2 . Level of Service 0 t o 1 . 5 1 . 5 t o 3 . 5 3 . 5 t o 5 . 5 5 . 5 a n d o v e r . 
3 . Income Level $ 0 t o $ 3 , 1 0 0 p e r A n n u m $ 3 , 1 0 0 t o $ 4 , 7 0 0 p e r A n n u m $ 4 , 7 0 0 t o $ 6 , 2 0 0 p e r A n n u m $ 6 , 2 0 0 t o $ 7 , 5 0 0 p e r A n n u m $ 7 , 5 0 0 p e r A n n u m a n d O v e r . 
E a c h o f t h e s e s t r a t i f i c a t i o n s w e r e u s e d a s t h e p r e d i c t i v e e l e m e n t o n a 
g r a p h o f t r a n s i t u s e a s a p e r c e n t o f t o t a l t r i p s v s . t r a v e l t i m e r a t i o ; 
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this process resulted in a family of 160 transit use graphs (2 purposes 
x 4 cost ratios x 4 service levels x 5 income levels). In order to 
handle this large number of modal split relationships, the staff pre-
8 4 
pared, or wrote, a computer program to handle this modal split model. 
Transit Use Surfaces 
The development of transit use estimating surfaces, used to date, 
is similar to the approach used in developing transit use curves, except 
that two curves are developed for each surface and the surface is formed 
by the intersection of these two curves; see Figure 5 for an example 
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of a transit use estimating surface. A transit use surface has been 
used in the development of both trip-end and trip-interchange modal split 
models. 
Trip-End Modal Split Model. The staff of the Southeastern 
Wisconsin Regional Land Use-Transportation Study elected to use a sur­
face for estimating the modal split in the region. They believed that 
this approach would give them a modal split model which would contain 
the three major factors which influence transit use: (1) Tripmaker 
Characteristics, (2) Trip Characteristics, and (3) System Characteris­
tics. First, the trip characteristics were isolated by preparing sur­
faces for the work, other, and non-home based trip purposes; in addi­
tion, in Milwaukee a fourth trip purpose was used, the shopping trip, 
this purpose was included in the "other" trips in the remainder of the 
region. After several tests of the variables, selected by the study 
staff, for stability, reliability, sensitivity, and ease of forecasting, 
automobile availability (the average number of automobiles available per 
43 
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household) was selected as the tripmaker characteristics; the system 
characteristic selected for use in the transit use estimating surface 
was the accessibility index (a ratio of travel time between an origin 
zone and a destination zone by highway divided by the transit travel 
time). 
Due to complexities for interpolating the per cent of total 
trips by transit from the surface, the staff then prepared, or wrote, 
a four-point linear interpolating program for computer use. In doing 
this, the staff had to determine the transit use values at several 
ranges of automobile availability and accessibility index in order to 
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enter the interpolating equation. 
Trip-Interchange Modal Split Model. The surface developed by 
the Niagara Frontier Transportation Study differed from that developed 
in Southwest Wisconsin in that they divided their trips after trip dis­
tribution, recognized that a car used for a work trip will not likely be 
used for a shopping trip in a one-car family, and they used restructured 
modal split data from another study to both collaborate and extend their 
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"response surfaces" or transit use estimating surfaces. 
In Buffalo, the decision was made that trip purpose, automobile 
availability, distance, and quality of service were the most important 
factors influencing transit use. The trip purposes selected were work 
and non-work because they considered that the work trip had "first call" 
on the travel alternatives available to a family; thus, having the 
greatest influence on the modal choice of all trips originating by that 
family. Automobile ownership was considered as an input into modal 
45 
split analysis as it gave an indirect measure of income; but it was re­
placed by automobile availability as this would account for the automo­
bile rider work trips. The quality of service index used was a ratio of 
total automobile travel time (terminal time including walk times and 
parking maneuver times, accumulated link travel times, and a parking 
charge converted to time) divided by total transit travel time (terminal 
time including walk and wait times, accumulated link travel times, and 
transfer times, where applicable). However, the staff believed that a 
straight travel time ratio would mask large absolute travel time dif­
ferences; therefore, they used the "airline distance," in miles, from 
origin to destination to offset this discrepancy. Since all mass 
transportation in the Buffalo area was by bus, the staff used Chicago 
transit use data, where rapid rail transit was available, to extend 
their "response surfaces" so that quality of service ratios of 1.0 or 
more, which indicates that a transit trip is equal to or faster than an 
automobile trip between the same two points, would be reflected in the 
"response surface."^ 
The per cent of transit use for either a work or non-work trip 
between any two zones was determined by adding the product of the 
transit use proportions at each zone, as determined from the "response 
surfaces"; an example of the use of this model is: 
1. The origin zone is five miles from the destination zone and 
the travel time by transit is 30 minutes as opposed to 20 minutes by 
automobile, or the quality of service is 0.67. 
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2 . U t i l i z i n g t h e " r e s p o n s e s u r f a c e s " f o r b o t h t r i p p u r p o s e s a n d 
a u t o m o b i l e a v a i l a b i l i t y f o r b o t h t h e o r i g i n a n d d e s t i n a t i o n z o n e s ; t h e 
f o l l o w i n g t r a n s i t p r o p o r t i o n s w e r e o b t a i n e d : 
a . O r i g i n Z o n e 
T r i p P u r p o s e / A u t o A v a i l a b l e Y e s N o 
W o r k 0 . 9 0 0 . 1 0 
N o n - W o r k 0 . 7 0 0 . 3 0 
b . D e s t i n a t i o n Z o n e 
T r i p P u r p o s e / A u t o A v a i l a b l e Y e s N o 
W o r k 0 . 1 2 0 . 4 5 
N o n - W o r k 0 . 0 4 0 . 1 6 
3 . T h e p e r c e n t o f t r a n s i t u s e b y p u r p o s e i s : 
a . W o r k — ( 0 . 9 0 ) ( 0 . 1 2 ) + ( 0 . 1 0 ) ( 0 . 4 5 ) = 1 5 . 3 % , a n d 
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b . N o n - W o r k - - ( 0 . 7 0 ) ( 0 . 0 4 ) + ( 0 . 3 0 ) ( 0 . 1 6 ) = 7 . 6 % . 
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C H A P T E R I I I 
A B A L A N C E D U R B A N T R A N S P O R T A T I O N S Y S T E M 
T h e g o a l o f u r b a n a r e a t r a n s p o r t a t i o n p l a n n i n g i s t h e a c h i e v e m e n t 
o f a b a l a n c e d t r a n s p o r t a t i o n s y s t e m ; s u c h a s y s t e m w i l l i n s u r e t h e m o s t 
e f f i c i e n t m i x o f m a s s t r a n s p o r t a t i o n a n d h i g h w a y f a c i l i t i e s w h i c h s u p -
89 
p o r t t h e d e s i r e d l e v e l o f f u t u r e u r b a n a c t i v i t y . H o w e v e r , s u c h a 
s y s t e m g e n e r a l l y w i l l n o t b e a t t a i n e d w i t h i n t h e d e s i r e d 2 0 - y e a r p l a n -
9 0 
n m g p e r i o d o f t h e i n i t i a l l y r e c o m m e n d e d t r a n s p o r t a t i o n p l a n b e c a u s e 
o f t h e a u t o - d o m i n a n t s t r u c t u r e o f m o s t A m e r i c a n m e t r o p o l i t a n a r e a s . 
T h e r e f o r e , t h e s e l e c t i o n o f a t r a n s i t u s e e s t i m a t i n g p r o c e d u r e w h i c h i s 
" t a i l o r e d " t o t h e a r e a i s a n i m p o r t a n t s t e p i n a t t a i n i n g t h e g o a l o f a 
b a l a n c e d t r a n s p o r t a t i o n s y s t e m . 
T h e c o n c l u s i o n s o f t h i s t h e s i s i n d i c a t e h o w m a n y u r b a n a r e a s a r e 
t r y i n g t o d e v e l o p a b a l a n c e d t r a n s p o r t a t i o n s y s t e m a n d h o w t r a n s p o r t a ­
t i o n p l a n n e r s e v a l u a t e t r a n s i t u s e e s t i m a t i n g p r o c e d u r e s . T h e r e c o m m e n ­
d a t i o n s m a d e a r e t h o s e t h a t a p p e a r m o s t d e s i r a b l e i n a t t a i n i n g t h i s g o a l 
t h r o u g h a c o o p e r a t i v e , c o m p r e h e n s i v e , a n d c o n t i n u i n g t r a n s p o r t a t i o n 
p l a n n i n g s t u d y . 
C o n c l u s i o n s 
A l t h o u g h t h e r e a r e t h r e e p r o c e d u r e s a v a i l a b l e f o r e s t i m a t i n g 
t r a n s i t u s e i n u r b a n a r e a s , t h e t w o f o r m s o f m o d a l s p l i t h a v e b e e n 
e m p l o y e d i n m o s t u r b a n t r a n s p o r t a t i o n p l a n n i n g s t u d i e s . T h e r e a s o n f o r 
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this use is that only modal split directly relates transit and auto use, 
whereas direct generation gives the transportation planner an estimate 
of future transit use without relating transit use to auto use. And 
most metropolitan area transportation study staffs understand the need 
for a procedure to which "models," or simulates, all the urban area 
travel patterns because mass transit is part of most urban areas avail-
. 9 1 
able transportation. 
Unless a policy decision was made at the outset of a study to 
not consider transit in urban areas having both modes of transportation, 
92 
such as Detroit, a form of modal split is preferred to direct genera­
tion. Assuming that no such policy decision is made, the transportation 
planner will test to develop either a trip-end or trip-interchange modal 
split procedure depending upon the type of procedure with which he is 
most familiar; however, he can use either type of modal split, if a 
9 3 
policy decision dictates the use of a particular type of model. 
Each transit use estimating procedure offers some advantages, and 
some disadvantages, to the transportation planner because of the differ­
ence in the way they are developed during the analysis phase of a 
transportation planning process: 
1. In the direct generation, the estimating procedure is 
developed using the land use and population characteristic output of 
the urban activity analysis. 
2. In the trip-end modal split model, the estimating procedure 
is developed after the base-year trip-ends have been generated by trip 
generation. 
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3. In the trip-interchange modal split model, the estimating 
procedure is developed after the base-year production and attraction 
trip-ends have been linked using trip distribution. 
The advantages of a direct generation procedure are: 
1. It is the easiest to develop as it does not require any 
relationship between transit trips to automobile trips; thus results of 
the process are in terms of trips, not a percentage of total trips. 
2. It appears to be the easiest way of introducing transit use 
into the forecasting process for an area which has no existing transit 
facility because it does not compete with automobiles for total trips. 
However, its disadvantage is due to the fact that it does not relate 
transit trips to automobile trips, and a substantial over-estimation or 
under-estimation of future trips could result because of this lack of 
relationship; for example, when forecasted, the procedure might indicate 
an increase in transit use and the forecast of automobile trip might 
also indicate an increase of automobile use, but combined they would 
indicate total trips in excess of what would have been indicated had 
they been related. 
Because modal split models have been used in transit use estima­
tion more often than direct generation, transportation planners have 
pointed out the advantages and disadvantages of each modal type; for 
simplicity, the disadvantages of a modal will not be indicated, as it 
is generally considered an advantage of the other, except in the in­
stance where amplification can be given, to allow the reader to deter­
mine which modal split models best meet his transit use estimating 
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needs. Regardless of the advantages or disadvantages indicated for 
either model type, there is little systematic knowledge available to 
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determine that one is better than the other, and in cases where one 
model has a distinct advantage over the other, research is being done 
by its advocates to overcome the objection. 
The advantages of the trip-end model are: 
1. Separate distributions of transit and automobile trips are 
made over their respective networks because of the variations in trip 
9 5 
lengths. 
2. This model is simpler and more economic to develop as it 
requires less data for input.^ 
The advantages of the trip interchange model are: 
1. Because the characteristics of both ends of a trip are con­
sidered, it does not "freeze" transit use, which should be a variable 
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changing as the trip and characteristics change. 
2. It is more sensitive to the zone-system relationships which 
9 8 
will change when a new transit facility is introduced. 
The disadvantage that each mode of transportation is not distributed 
over its own network has been overcome, to some extent, in that a modi­
fied network which indicates a transit facility which has a separate 
right-of-way and the highway facilities and computer program have been 
developed for transportation planning. 99 
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Recommendations 
Far more important than the recommendation of a technical tool to 
use in transit use estimating is insuring that the urban transportation 
planning study is cooperative and comprehensive through the planning 
phase. It is apparent that several transit use estimations are developed 
for the justification of one facility over the other, whether it be mass 
transit or highway. One reason for this apparent bias is that in many 
urban areas a policy decision was made to justify a rail transit system 
or ignore the effect of transit. Another is a chasm that exists between 
the planner and engineer, generally resulting in a study control debate 
between a local or regional planning agency and a State highway depart­
ment , in that planners failed to give the engineer specific enough 
information for their work and the engineers have failed to be specific 
enough in their requests for planning information."'"^ Either of these 
reasons will result in the waste of public resources as any transporta­
tion plan produced under these influences will not be efficient and 
economical, utilizing the best of each mode of urban transportation. 
Therefore, it is imperative that all agencies interested in the develop­
ment of an urban area fully cooperate in the development of the area's 
urban transportation plan; because failure to cooperate will result in 
a costly restudy process to insure that both modes of urban transporta­
tion are adequately considered which has occurred in some metropolitan 
areas. 
Once the agencies cooperating in the transportation planning 
process have determined their major responsibilities, as to data or work 
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required as all participants should have the opportunity to review the 
work of others; the selection of the technical tools for transit use 
estimating and the other analysis and forecasting procedures is rela­
tively easy following these guidelines: 
1. All assumptions made should be documented."'"^"'" 
2. All variables used in the final procedures should be 
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logical, stable, easily forecast, and easily maintained. 
3. The level of analysis used in developing each procedure must 
be equal. For example: 
a. If a "peak-hour" model is to be used for transit use 
estimating, a "peak-hour" model should be used for all the 
other travel models. 
b. If district-aggregates are used for transit use estimating 
rather than zonal-aggregates , the district-aggregates should 
be used in the development of the other travel models. 
c. The same statistical measures should apply to the acceptance 
of any model; however, a model of lesser statistical validity 
may be accepted after it is firmly established that the model 
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is the best that can be obtained. 
There appears to be a definite hierarchy of transit use estimat­
ing procedures from the direct generation of transit trips through the 
trip-end modal split to the trip-interchange modal split. Therefore, it 
is recommended that a trip-interchange modal split be used whenever pos­
sible and when this is not possible that the higher of the two remaining 
procedures be used as an interim procedure with the goal of ultimately 
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developing a trip-interchange procedure for the area. However, there 
should be lower limits as to the type of transit-use estimating proce­
dure that should be accepted, the recommended lower limits are: 
1. Direct generation should be permissible only in small (less 
than 250,000 population) metropolitan areas having a low rate of transit 
use (less than 5 per cent of total trips). 
2. Trip-end modal split models should be least analytical form 
of transit estimation permitted in small metropolitan areas having a 
high rate of transit use (5 or more per cent of the total trips) or in 
medium (250,000 to 750,000 population) metropolitan areas with a low 
rate of transit use. 
3. Trip-interchange modal split models should be the only 
transit-use estimating procedure permitted in large metropolitan areas 
(750,000 population and over) having a high rate of transit use. 
All urban area transportation studies should contain a tran­
sit use estimating procedure. 
Similar recommendations have been made by other transportation planners 
10 M-
in the past; but they have been reluctant to specify population 
levels or transit use rates because of the fear that if limits were set, 
they would become a reason why a less analytical model for transit use 
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estimating was used by the transportation planning process. However, 
each time transit use is re-estimated as the transportation plan is re-
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appraised; the next higher form of transit use estimating procedure 
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